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ERRATA. 


27, line 2 from below, for “Ixpedtion” read “ Expedition.” 

28, ,, 8 from below, for “I":] @:” read)“ — 1") C.” 

PAN, oy Sayfa Piel (Cn Ree) Boal Ce» 

75, ,, 8 from below, for ‘‘magniying” read “ magnifying.” 

87, ,, 9 from below, for “0°8 C.” read “-0°8 C.”; and line 7 from below, for “0°-6 C.” 


read “—0°6 C.” 
110, in table, for 649” read 85.” 
124, line 23, for “ Billeton” read ‘“ Billiton.” 
174, ,, 15, for “Buono” vead “ Bueno.” 
209, ,, 12 from below, for “‘echinulata” read “ echinulatus.” 
238, ,, 15, for “pumilis” read “ pumilus.” 
248; 5, 8; for “11d” read “150% 


253, ,, 17, delete ‘“‘manuscript,” and delete lines 26 and 27. (For Luidia chefuensis, Grube, see 
Jahres- Ber, Schles. Gesellsch. f. vaterl. Cultur, 1876, p. 28.) 
254, ,, 7, for “Della” read “ Delle.” 
261, ,, ~ 28, for “ childreni” read “ equestris.” 
87, ,, 16 from below, add “Pl. XLVIII. figs. 5 and 6.” 


95, last line, for “west” vead “ east.” 

309, line 16, for “ western” vead ‘ eastern.” 

317, ,, 10 from below, for “78°:0” read “ 78°:8,” 

321, ,, 11 from below, for “ tuberculatus” read “ tuberculosis.” 
326, ,, 3 from below, for “ piercet” read ‘ peircet.” 

344, ,, 6 from below, jor “latter” read “ former.” 

402, ,, 17, for “ pustulata” read “ pustulatus.” 

411, ,, 3 from below, after “ Mag.” read “ Nat.” 

448, ,, 3 from below, for “R<3 r” read “R>3 7.” 

Dol 3) 0; add. Pl xa shoe lee 

553, lines 2 and 9 from below, and p. 554, line 2, for “fallax” read “ purpureus.” 
739, line 12, for “von” read “non.” 


EDITORIAL NOTH. 


Tue collection of Asrnrormea is one of the most important made during the 
voyage of the Challenger. The late Sir C. Wyville Thomson paid con- 
siderable attention to these organisms, and at one time had the intention 
of describing the new species discovered during the Expedition; with this 
end in view, indeed, he had a few of the specimens figured and_litho- 
graphed. 

Eventually, however, the whole collections were handed over to Mr. W. 
Percy Sladen for examination and description. The result of Mr. Sladen’s 
work, extending over many years, is now presented in this magnificent 
Report, which forms Part LI. and Volume XXX. of the Zoological series 
of Reports, the text and plates being bound up in separate parts. 

Not only on account of the large number of forms, but also on account 
of their representative character, the Challenger collection is unquestion- 
ably the most important contribution to this group of animals that has 
ever been made. 

In the Report, supplementary to the treatment of the Challenger 
material, a compact account of the whole group has been aimed at. Thus 
(1) under each family an account of all the genera included therein, 
whether Challenger or not, has been given, and where necessary the 
grounds on which the classification has been adopted are discussed ; (2) 
under each genus there is a statement of all the known species which are 
recognised as belonging to that genus, with an account of their geo- 
graphical distribution: this presents a compact idea of the composition and 


distribution of each genus ; (3) a complete list of all the known species of 
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recent Asteroidea, with their geographical and bathymetrical distribution, 
and a full account of all synonyms and changes of name are given; every 
known starfish is believed to be included, and the recognition of “good 
species” and “synonyms” is based on personal observation (except in the 
case of some American types and a few recently described from the French 
dredgings). 

The Report may be considered a monograph on the group, though of 
course it need hardly be said that previously described and recognised 
species are not re-described. An entirely new classification of the Aster- 
oidea has been given—it was very unsatisfactory and quite unworkable 
previously. 

All naturalists who appreciate careful and accurate work will join with 
me in congratulating Mr. Sladen on the completion of his valuable memoir, 
which extends to 935 pages, and is illustrated by 118 lithographic plates 
and a map. 


Joun Murray. 


CHALLENGER Orricz, 32 QurEn Street, 
EpinpurcH, January 23, 1889. 
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ZOOLOGY. 


REPORT on the Asrerorpea collected during the Voyage of H.M.S. 
Challenger during the Years 1873-76. By W. Pxrcy Stapen, 
F.LS., F.G.S., &c., Secretary of the Linnean Society. 


PREFACE. 


THE preparation of the Report on the Asteroidea obtained by the Challenger Expedition 
was entrusted to me by the late Sir C. Wyville Thomson, and I received the collection 
in the early part of the year 1881. Dr. John Murray subsequently placed in my hands 
the starfishes collected during the cruises of the “ Lightning,” ‘“ Porcupine,” ‘“ Knight 
Errant,” and ‘“ Triton ;” and an account of these is included in the present Report, which 
has thus become a statement of all the Asteroidea obtained by British deep-sea dredging 
Expeditions up to the present date. 

In the following pages there are described 33 genera, 2 subgenera, 196 species, and 15 
‘varieties first discovered by the Expeditions above named ; and 9 other new genera and 
3 subgenera, based on forms previously known or not obtained by these Expeditions, are 
established. 

Summarising each Expedition independently : in the Challenger collection there are 
84 genera, 5 subgenera, 268 species, and 13 varieties; of which 34 genera, 4 subgenera, 
184 species, and 12 varieties are new (five of the new genera and two subgenera being 
based on types of which one or more representatives have been previously known). 

In the ‘‘ Porcupine” collections of 1869 and 1870 there are 25 genera, 1 subgenus, 
29 species, and 1 variety ; of which 7 genera, 1 subgenus, 10 species, and 1 variety are new 
(two of the genera being based on types of which representatives were previously known). 

In the ‘‘ Lightning” collection are 3 genera and 3 species; of which 1 genus and 1 


species are new. (In the case of the ‘“ Lightning” and “ Porcupine” Expeditions it is 
(ZOOL. CHALL, EXP,—PART LI.—1888,) a 
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probable that a greater number of starfishes were obtained than are here recorded ; those 
enumerated, however, appear to be all the authenticated examples now preserved.) . 

In the “Knight Errant” collection are 9 genera, 1 subgenus, 10 species, and 2 
varieties ; of which 4 genera, 2 species, and 2 varieties are new (two of the new genera 
being based on types of which representatives were previously known). 

In the “Triton” collection are 11 genera, 11 species, and 2 varieties; of which 5 
genera, 4 species, and 1 variety are new, and two of the new genera are established on 
types of which representatives were previously known. 

In the latest summary of the Asteroidea, published by M. Perrier’ in 1878, 454 
species are enumerated, representing 52 genera. Three of the genera, however, included 
by M. Perrier are invalid or synonymous, the abstraction of which reduces the number 
recognised by him to 49. Representatives of 38 of these genera were obtained by the 
Challenger ; that is to say, representatives of more than three-fourths of the previously 
known types. The remaining 11 genera are either extremely rare or of very local 
occurrence. These figures indicate in a striking manner that the collection made by the 
Challenger affords a fair representation of the general character of the Asterid fauna of the 
globe, so far as known. 

The proportionally large number of new species is not surprising, when it is borne in 
mind that a considerable portion of the track of the Challenger passed through regions 
which had hitherto been wholly unexplored, or in which the dredge had never previously 
been employed. . 

The long list of Asterids inhabiting abyssal depths brought to light by the Challenger 
and the other Expeditions herein discussed may be said to have opened a new chapter in 
the history of the Asteroidea. The summary of these forms, nearly all of which belong 
to previously unknown types, given in the Tables appended to the Report affords the 
most striking evidence of the important contribution made by the Challenger to our 
knowledge of the group. Reference to these Tables will render any words of comment by 
me unnecessary here. 

The archaic characters of a number of the deep-sea forms are highly remarkable, and 
furnish not only a confirmation of the validity of the classification now adopted for the 
Asteroidea, but also give an important clue to the systematic position of many of the 
extinct members of the Class. 

The large accession of new forms has greatly extended our knowledge of the morpho- 
logical plasticity of many types, and has thrown important light on the constitution and 
relations of groups and families. In all cases the descriptions take cognisance of external 
and general morphological structure, and are not confined merely to details of specific 
difference, from the systematist’s point of view. 

All the systems of classification previously employed by writers on the Asteroidea are, in 

* Nouv. Archives Mus. Hist. Nat., 2e Série, t. i p. 73. 
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my opinion, inadequate and artificial; and I have been led to formulate a classification more 
in accordance with morphological characters as at present understood. I venture to believe 
that this will be found more convenient for general workers, as well as more natural. 

In dealing with the synonymy of a species I have in each case given all the different 
name-combinations under which the form has been recognised and the author by whom 
each was originated, but I have not given a citation of all subsequent writers by whom 
the terms have been copied or used. By this means brevity has been gained, without 
sacrificing anything pertinent to the history of the name. 

In order to add to the completeness of the work, I have given under each genus a 
notice of all authentic species belonging thereto, and their geographical distribution. I 
have also added at the end of the Report a synoptic list of the known species of recent 
Asteroidea, with particulars of their geographical and bathymetrical distribution, the 
changes of name to which they have been subjected, and their synonyms, which I hope 
will increase the utility of the Report. A few species which have been inadvertently 
omitted in the chorological statement of the genera will be found duly recorded in this 
list. 137 genera and 810 species are here enumerated. 

The urgent need of a critical examination by one person of the large number of types 
distributed throughout the various Continental collections has long been felt by every 
worker at the group, as many of the types in question have been very imperfectly known, 
and, owing to insufficient description, numberless false determinations and a confusing 
multiplication of synonymous terms have arisen. To eliminate as far as possible this 
element of perplexity, I have visited the chief Continental museums and have personally 
studied the rich collections at Christiania, Stockholm, Lund, Copenhagen, Leyden, Paris, 
Berlin, Kiel, Hamburg, Leipzig, Breslau, and Vienna. I venture to believe that the 
labour thus expended will place the list now given on a more reliable basis than was pre- 
viously possible. 

I desire to acknowledge gratefully the privileges afforded me in this undertaking, and 
to express my hearty thanks to the Heads of the various universities and museums, who, 
without exception, placed the collections under their charge unreservedly at my disposal. 
‘lo the many eminent naturalists who have given me valuable assistance and information 
I desire to tender my sincere thanks. Some obligations are acknowledged in the text, 
and in addition to those I cannot refrain from naming here the late Prof. M. Esmark and 
Dr. Robert Collett of Christiania ; Prof. S. Lovén of Stockholm; Dr. Hjalmar Théel of 
Upsala ; Dr. C. D. E. Roth of Lund; Prof. J. J. 8. Steenstrup and Prof. Chr. F. Liitken 
of Copenhagen ; the late Prof. H. Schlegel and Dr. F. A. Jentink of Leyden ; Prof. 
Edmond Perrier and M. J. Poirier of Paris; the late Prof. W. Peters, Prof. Ed. von 
Martens and Dr. F. Hilgendorff of Berlin; Prof. Karl Mobius of Kiel; Prof. H. A. 
Pagenstecher and Dr. G. Pfeffer of Hamburg ; Prof. R. Leuckart and Prof. J. V. Carus of 
Leipzig ; Prof. Anton Schneider of Breslau; Dr. F. Steindachner and Dr. Emil von 
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Marenzeller of Vienna. To each and to all I desire to express my hearty appreciation of 
the courtesy and friendly kindness I received at their hands. 

My warmest thanks are also due to Dr. A. C. L. G. Giinther, the keeper of the Zoolo- 
gical Department of the British Museum, for the many facilities afforded to me during 
the progress of my work ; and especially to my friend, Prof. F. Jeffrey Bell, whose constant 
and ever-ready assistance has placed me under an indebtedness greater than I can adequately 
express in words, In like manner, my cordial thanks are given to my friend, Dr. P. 
Herbert Carpenter, whose critical advice and wide knowledge of Echinoderm literature have 
always been at my disposal. 

In conclusion, I beg to thank most heartily Dr. John Murray for many acts of kindness 
and assistance during the progress of my Report, and for the friendly willingness he has 
always shown to meet my views. My thanks are also due to Mr. Wm. E. Hoyle for the 
attention and trouble he bestowed on my proof-sheets whilst on the Editorial Staff; and 
to Mr. James Chumley for similar good offices. 

To the memory of the late Sir Wyville Thomson, under whose direction this work was 
commenced, I would pay the tribute of sincere and personal esteem, repeating—not inaptly 
as if seems to me—the words used by the Danish naturalist, Abildgaard, in writing of his 
friend, the first great dredger, Otho Frederick Miiller, “ Loquuntur Eius scripta cum 
mundo peritura.” 


CON TEN Ts. 


I. CLASSIFICATION. 


I. History or THE CLASSIFICATION OF THE ASTEROIDEA ‘ 
TI. REASONS FOR CONSIDERING PREVIOUS CLASSIFICATIONS INVALID : 3 ‘ 


TIL. A CuassrFIcaTIoN oF THE ASTEROIDEA BASED ON Factors OF MorpHo.ocicaL IMPORTANCE 
Synopsis OF THE ORDERS AND Fares oF THE SuB-cLass EUASTEROIDEA . 


II. DESCRIPTION OF GENERA AND SPECIES. 


Order PHANEROZONIA : é : 
Family ARCHASTERIDE . 
Subfamily PaRaRcHASTERINE . 
Genus Pararchaster, Sladen . 
Pararchaster semisquamatus, 0. sp. 
semisquamatus, var. occidentalis, nov. 


antarcticus, . sp. 

spinosissimus, D. Sp. 

pedicifer, N. sp. + 

armatus, D. Sp. + 

Genus Pontaster, Sladen . . 5 
Pontaster tenuispinus, Diiben and Koren, sp. 

tenuispinus, var. platynota, nov. . 


planeta, n. sp. . 

—— hebitus, n. sp. . 

limbatus, D. sp. + 

oxyacanthus, D. sp. 

teres, 1. Sp. . 

forcipatus, D. sp. . . 

forcipatus, var. echinata, nov. 

—— mimicus, Nn. sp. 

— pristinus, n. sp. 

venustus, I. Sp. : 

venustus, var, robusta, nov. 

trullipes, 0. sp.» 

subtuberculatus, 0. sp. : 

Subfamily PLuronasteRINE . 
Genus Dytaster, Sladen . 

Dytaster spinosus, 0. sp. 

exilis, N. Sp. 

exilis, var. gracilis, NOV. . 

exilis, var. carinata, DOV. 
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PAGE 

Dytaster madreporifer, n. sp. . : ‘ ° : 6 : 70 
nobilis, n. sp. : : : : . : : 5 73 

—— xquivocus, N. sp. . 75 

—— biserialis, n. sp. 77 
inermts, 1. Sp. ; 79 

Genus Plutonaster, Sladen. . 3 ; : oe ee 81 
Plutonaster bifrons, Wyville Tay sp. : : : : ‘ : 84 
bifrons, (2) juv. . : 3 : : : : . a 88 

—— marginatus, n. sp. : : ; : : : 5 : 88 

— rigidus,n.sp. . : : c : : : c c 91 

—— rigidus, var. semiarmata, nov. . ? 5 ; 5 c é 94 

—— ambiguus, n. sp. . F P : : : F ; ; 95 
notatus,n. sp. . : : ; : : : : : 97 

abbreviatus, 1. sp. : : : : : : : ‘ 99 

Subgenus Tethyaster, nov. . : : : 4 5 Jay 
Plutonaster (Tethyaster) nibs mis, Epp sp. ; : : : - 102 
pareli, Diiben and Koren, sp. : : é : : . 102 

Genus Lonchotaster, Sladen. ; : ; : : : : a 02 
Lonchotaster tartareus, n. sp. . : : 3 5 ‘ : . 104 
forcipifer, n. sp. . : é é ‘ : : ; - 106 

Subfamily PsruDARCHASTERINE . : ‘ : : . : ‘ 5 dO) 
Genus Pseudarchaster, Sladen . j : : : : : : . 109 
Pseudarchaster discus, 0. sp. . ‘ é : : : c 5 AIO) 
tessellatus, N. Sp. . ; : : < F ‘ : Ceili 

intermedius, N. sp. : ; : : . : > Utley 

Genus Aphroditaster, Sladen . : , : : ; : iG 
Aphroditaster gracilis, n. sp. . ; : : : ¢ c 5 dlaliy 
Subfamily ARcHASTERINE 6 : : : : : . 120 
Genus Archaster (Miller and Troschel), Apate : : ; 3 : . 120 
Archaster typicus, Miiller and Troschel ; ; : ; : » 23 
Vamily PORCELLANASTERIDE : : : : : : F Zo 
Subfamily PorceLLaNasTERIN” . : : : . : : - 129 
Genus Porcellanaster, Wyville Tomer ‘ : P : : . L29 
Porcellanaster ceruleus, Wyville Thomson : : : é : . 1384 
caulifer, Sladen . ; , : : : : : 2 138 

tuberosus, Sladen . , ; : : ; : : . 140 

— crassus, Sladen. : 5 : : : : : 5 olgkit 

—— gracilis, Sladen . A : : : : ; 5 5 18} 
eremicus, N. Sp. . ‘ : ° : : : . . 145 

Genus Styracaster, Sladen : ; 5 ; F A : : ¥ 149 
Styracaster horridus, Sladen. ; : ‘ : : : = 150 
armatus, Sladen , F : : Z : : ‘ 5 Alii} 

Genus Hyphalaster, Sladen. : é F ‘ : : ‘ . 154 
Hyphalaster hyalinus, Sladen. : : : . é : loc 
diadematus, Sladen ; : ; 2 ; ‘ F eel) 

—— inermis, Sladen . : 3 : ‘ : 3 62 
planus, Sladen, : : 5 : ; : ; . 165 

Genus Thoracaster, Sladen, : : é : : : LOT 


Finer. cylindratus, Sinden 3 : : : . - 168 
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Subfamily Crenopiscin& 


Genus 


Ctenodiscus, Miller and Tr oachel 
Ctenodiscus corniculatus (Linck), Perrier 
australis, Liitken 

— procurator, 0. sp. 


Family ASTROPECTINIDE .« 
Subfamily AsTROPECTININE 


Genus 


Genus 


Genus 


Genus 


Craspidaster, n. gen. : 
Craspidaster hesperus, Miiller sae Trosehell sp. 
Leptoptychaster, Smith . 

Leptoptychaster kerguelenensis, Smith 
arcticus, Sars, sp. : 

arcticus, var. elongata, nov. 
antarcticus, 0. sp. 

Moitraster, n. gen. : 

Moiraster magnificus, Bell, sp. . 
Astropecten, Linck C 
Astropecten brasiliensis, Miller and Tronctel 
brevispinus, Sladen 

polyacanthus, Miiller and Aroaevel 
pectinatus, Sladen 

acanthifer, Sladen 

japonicus, Miiller and Troschel 
imbellis, Sladen 

hermatophilus, Sladen 

irregularis, Linck 

pontoporeus, Sladen 

zebra, Sladen : 

—— zebra, var. rosea, Sladen . 

velitaris, von Martens 

granulatus, Miiller and Trosehels 

—— monacanthus, Sladen 

cingulatus, Sladen 

mesactus, Sladen 


Genus Psilaster, Sladen 


Psilaster andromeda, Miiller nal droachel! sp. 
acuminatus, 1. sp. 

cassiope, D. Sp. 

—— gracilis, n. sp. 

patagiatus, n. sp. 


Genus Phowaster, Sladen 


Phoxaster pumilus, n. sp. 


Genus Bathybiaster, Danielssen and Koren 


Bathybiaster loripes, n. sp. 
loripes, var. obesa, nov. 
vexillifer, Wyville Thomson, sp. 


Subfamily Luipunz 
Genus Luidia, Forbes 


Luidia aspera, a. sp. 
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Luidia alternata (Say), Liitken 
lUimbata, n. sp. . - 
—— clathrata (Say), Liitken . 
—— ciliaris (Philippi), Gray . 
—— longispina, n. sp. 

—— africana, 0. sp. .« 

sarsit, Diiben and Koren 


Sorficifer, nD. sp. . 


Family PENTAGONASTERIDA 
Subfamily PENTAGONASTERINE . 5 


Genus Pentagonaster, Linck . 
Pentagonaster semilunatus, Linck 


granularis, Retzius, sp. . . 
—— astrologorum (Miiller and Troschel), tains 
patagonicus, 0. sp. 6 . 


japonicus, N. sp. . 
lepidus, n. sp. 
arcuatus, N. sp. 
Genus Calliaster, Gray 
Calliaster baccatus, n. sp. 
Genus Chitonaster, Sladen ; 
Chitonaster cataphractus, n. sp. 
Genus Gnathaster, n. gen... : 
Gnathaster meridionalis, Smith, sp. 
elongatus, D. sp. . 
—— pilulatus, n. sp. . 
Genus Nymphaster, Sladen 
Nymphaster symbolicus, n. sp. . ; 
symbolicus, var. breviradiata, nov. 
— bipunctus, n. sp. . 
—— protentus, . sp. . 
albidus, 0. sp. 


basilicus, n. sp. 
Genus Paragonaster, Sladen . 
Paragonaster ctenipes, n. sp. 
cylindratus, n. sp. 
Genus Nectria, Gray . ; 
Nectria ocellifera (Lamarck), Gr 


Subfamily Gonroprscinz 


Genus Stellaster, Gray 
Stellaster incet, Gray 
princeps, 1. sp. 
Genus Leptogonaster, Sladen . 
Leptogonaster cristatus, n. sp. 
Subfamily Mimasterinz 
Genus Mimaster, Sladen 
Mimaster tizardi, Sladen 
cognatus, N. Sp. « 
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Family ANTHENEIDE c ‘ 0 
Genus Anthenea, Gray 
Anthenea acuta, Perrier 
—— tuberculosa, Gray 
tuberculosa, (2) Juv. : ° ° , 
Genus Hippasteria, Gray 5 
Hippasteria plana (Linck), Gay F 


Family PENTACEROTIDE . : c < c 
Genus Pentaceros, Linck : 3 ‘ 
Pentaceros dorsatus (Linné), Perrier A : ' 
turritus, Linck , ; ; 5 
—— productus, var. tuberata, nov. 
callimorphus, 1. sp. . c. 


Genus Pentaceropsis, n. gen. 
Pentaceropsis obtusatus, Bory ae St. Wantent ep. 


Genus Culcita, Agassiz 3 3 
Culcita nove-guinex, Miiller ana Troschel 
Genus Asterodiscus, Gray. : : F 
ra Asterodiscus elegans, Gray 
Genus Choriaster, Liitken . F : 
Choriaster granulatus, Liitken . 
Family GYMNASTERUDZ .« E : : 


Genus Gymmnasteria, Gray 
Gymnasteria carinifera Giannis) von Mertens 


Genus Porania, Gray . j 
Porania pulvillus (O. F, Miller), Simi 
antarctica, Smith 3 ; . 
—_ glaber, n. sp. 
spiculata, n. sp. . : - ? 


magellanica, Studer 
Genus Marginaster, Perrier : 
Marginaster fimbriatus, n. sp. . 
Genus Rhegaster, Sladen 
Rhegaster murray?, Sladen 
Genus Lasiaster, n. gen. 
Lasiaster villosus, n. sp. 
Family AsTzRINIDE 
Subfamily Ganerunm 
Genus Cycethra, Bell . 
Cycethra electilis, n. sp. 
nitida, N. sp. 
pinguts, D. sp. 
Genus Ganeria, Gray 
Ganeria falklandica, Gray 
Subfamily AsTERININE . : 
Genus Patiria, Gray . 
Patiria bellula, n. sp. . 
Genus Nepanthia, Gray . 
Nepanthia brevis, Perrier, sp. . 
(ZOOL. CHALL. EXP.—PART LI.—1888.) 
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Nepanthia maculata, Gray 


Genus Asterina, Nardo ‘ . 
Asterina regularis, Verrill ° 
exigua (Lamarck), Perrier . . 
gunnti, Gray . % 
pectinifera (Miiller and Troschel), von Martens 
folium (Liitken), Agassiz. . ° 
cepheus (Miiller and Troschel), von Martens 
penicillaris (Lamarck), von Martens . 
Subfamily Patmreepina 5 . . 5 
Genus. Palmipes, Linck ° . ‘ 3 
Palmipes membranaceus, Linck ‘ 
diaphanus, ui. sp. . 
Order CRYPTOZONIA . : 3 ° ° 
Family ZiwcxrD£ : : : . 


Subfamily CoarasTer1In& 
Genus Chetaster, Miiller and Troschel 
Chextaster longipes (Retzius), Sars 
Subfamily Linckunz . ° . 
Genus Fromia, Gray . 
Fromia milleporella exe) Cay : 
Genus Ophidiaster, Agassiz 2 : 
Ophidiaster attenuatus, Gray . 
ophidianus Guanine) Agassiz 
—— cylindricus (Lamarck), Miiller and Trosehel 
— tuberifer, n. sp. 


helicostichus, n. sp. ° 

Genus Leiaster, Peters 5 0 
Leiaster speciosus, von Martens . 

Genus Linckia, Nardo ‘ 
Linckia guildingii, Gray c . 


— miliaris (Linck), von Martens . 
pacifica, var. diplax (Miiller and Troschel) 
Genus Nardoa, Gray . c . . . 
Nardoa tuberculata, Gray 
Genus Narcissia, Gray 5 
Narcissia canariensis, d’Orbigny, sp. 
trigonaria, 0. sp. 
Subfamily Merropirinz 
Genus Metrodira, Gray 
Metrodira subulata, Gray 
Family ZoROASTERIDE& 4 
Genus Zoroaster, Wyville Thomson ° 
Zoroaster fulgens, Wyville Thomson 
tenuis, 0. sp. ° . 
Genus Cnemidaster, n. gen. . 
Cremidaster wyvillit, n. sp. 
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Genus Pholidaster, Sladen. 5 . 5 
Pholidaster squamatus, 0. sp. 
distinctus, 1. Sp. « . ° oe 
Family S7ICHASTERIDE . % X , 
Genus Stichaster, Miiller and Troschel 7 a : 
Stichaster aurantiacus (Meyen), Verrill ‘ 4 
roseus (O, F. Miiller), Sars , = 
albulus (Stimpson), Verrill A 
polyplax, Miiller and Troschel, sp. 
felipes,D. sp. « 5 " . 
polygrammus, N. Sp. . - 


Genus Neomorphaster, n. gen. 
Neomorphaster eustichus, n. sp. 


Genus Tarsaster, n. gen. ; : : 5 
Tarsaster stoichodes, n. sp. ; , ‘ 
Family SoLASTERIDZ ; 
Subfamily SonasTrerinZ ; , 
Genus Crossaster, Miiller and iTroschel : 
Crossaster papposus (Linck), Miiller and, Troschal 
papposus, var. septentrionalis, nov. . . 
penicillatus, N. sp. 5 : . 
Genus Rhipiduster, n. gen, : A 
Rhipidaster vannipes, D. sp. : . 
Genus Solaster, Forbes : c . 
Solaster endeca lanai Forbes 
pasxillatus, n. sp. . : . 
regularis, ND. Sp. « < : . 
subarcuatus, D. sp. : . 
torulatus, nN. sp. . 2 * : 


Genus Lophaster, Verrill 
Lophaster furcifer (Diiben and era) Yerrill . 
stellans, 0. sp. « : ° . 
Subfamily KorErHrasTERINzE 
Genus Korethraster, Wyville ahorason ‘ 
Korethraster hispidus, Wyville Thomson 
Genus Peribolaster, Sladen, 2 
Peribolaster folliculatus, n. sp. 
Family PreraASTERIDA d 
Subfamily PrerasTERINE ; 
Genus Péeraster, Miiller and rrowehell 3 
Pteraster militaris (O. F. Miiller), Miiller and Tyosdhiell 
militaris, var. prolata, Nov, c 
afinis, Smith 
rugatus, Sladen . 
stellifer, Sladen . 
semireticulatus, Sladen 
Genus Retaster, Perrier : 
Retaster verrucosus, Sladen 
—- peregrinator, Sladen 
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Retaster gibber, Sladen te “. 

insignis, Sladen . -. ° 

Genus Marsipaster, Sladen ., 5 “. 
Marsipaster spinosissimus, Sladen - 

/ hirsutus, Sladen . 4 « 
Genus Calyptraster, Sladen, P 2 
Calyptraster coa, Sladen 4 . 

Genus Hymenaster, Wyville Thomson . 

Hymenaster nobilis, Wyville Thomson . 
Jormosus, Sladen . ° 5 
pergamentaceus, Sladen . . 
sacculatus, Sladen 5 ° 
echinulatus, Sladen , 
carnosus, Sladen . - : 
glaucus, Sladen . . 

— vicarius, Sladen , 5 C 
pellucidus, Wyville Thomson 
infernalis, Sladen 3 ‘ 
celatus, Sladen . : 5 

— crucifer, Sladen . ¢ 

— anomalus, Sladen - d 

— latebrosus, Sladen ‘ F 
porosissimus, Sladen - 

rus, Sladen 
geometricus, Sladen - 

— pullatus, Sladen . - 


membranaceus, Wyville Dhoeas 
coccinatus, Sladen 


precoquis, Sladen . . 
W. quis, 


Genius Benthaster, Sladen A 5 


Benthaster wyville-thomsoni, Sladan 3 
penicillatus, Sladen 


Subfamily PyrHonasTreRINE. . C 
Genus Pythonaster, Sladen. di B 
Pythonaster murrayt, 2. sp. . . 

Family EcHivASTERID® . B . 
Subfamily AcaNTHASTERINE 6 . 


Genus Acanthaster, Gervais 

Acanthaster echinites (Ellis and iselandeny Liitken 

Subfamily Mirpropin» 3 - . 
Genus Mithrodia, Gray 


Mithrodia clavigera (istond, Perce 


Subfamily Ecuinasterin& : . 2 
Genus Cribrella (Agassiz), Forbes. . 
Cribrella oculata (Linck), Forbes . 

— ornata, Perrier . : . 

—— compacta, n. sp. . . . 

—— obesa, 0. sp. : 5 . 


—— prestans,. sp. . . ° 
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Cribrella simplex, 0. sp. . 
simplex, var, granulosa, Nov. 
sufflata, D. sp. + 5 
Genus Perknaster, n. gen. + . 
Perknaster fuscus, 0. sp. . 
densus, 0. Sp. 0 . 
Genus Echinaster, Miiller and Troschel A 
Echinaster spinosus (Retzius), Miiller and Troschel 
eridanella (Val.), Miiller and Troschel *. *, 
spinulifer, Smith. 4 : 
Family; HELIASTERIDE . ; : . 
Genus Heliaster, Gray . > . 
Heliaster helianthus (Lamarck), Dajaedin and Hupé 
Family PEDICELLASTERIDE 5 3 é 2 2° 
Genus Pedicellaster, Sars : 


Pedicellaster scaber, Smith =; 
hypernotius, 0D. sp. 
Family’ AsSTERUDZ 0 " 

Genus Astertas, Linné 5 

Asterias vesiculosa, 1. sp. 

meridionalis, Perrier E 
perriert, Smith 
torquata, Q. sp. + 
— glomerata, 0. sp. - 
— rubens, Linné 


—— versicolor, 0. sp. - . 
—— amurensis, Liitken 4 
—— cunningham, Perrier 
Subgenus Cosmasterias, nov. : 
Asterias (Cosmasterias) tomidata, n. sp. 
sulcifera, Perrier, sp. « 


Subgenus Smlasterias, nov. 2 . 
Asterias (Smilasterias) scalprifera, n. sp. - 
trirvemis, T. Sp. - 


_ Subgenus Hydrasterias, nov. 
Asterias (Hydrasterias) onhitdions: nl. sp. 
Subgenus Zeptasterias (Verrill) . 
Asterias (Leptasterias) miillert, Sars, sp. - 
compta, Stimpson, sp. 
Subgenus Stolasterias, nov. 

Asterias (Stolasterias) pannifera (Val. ); Perrier sp. 
tenuispina, Lamarck, sp. 
calamaria, Gray, sp. 
volsellata, N. sp. 
stichantha, 0. sp. 

—— —— eustyla, n. sp. . 
——. ——_ glacialis, O. F. Miiller, sp. 
—— —— africana, Miiller and Troschel, sp. 
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PAGE 
Genus Calvastertas, Perrier . : . ; 1) opie 5 : - 589 
Calvasterias stolidota, n. sp. . : : : : : Q - 590 
Family Brisrncipz . . . : 9 c ¢ : 5 - 592 
Genus Labidiaster, Liitken . 5 : : % : : : . 594 
Labidiaster radiosus (Lovén), Liitken . : ; d : : 5 i) 
annulatus, 0. sp. . . : c : 5 ; - 995 
Genus Odinia, Perrier ; - vs ¢ ; : : : 5 OM 
Odinia pandina, n. sp. « . 5 : : : . : - 998 
Genus Brisinga, Asbjgrnsen . ° : Zi : : : : 5 GOI 
Brisinga endecacnemos, Asbjgrnsen é A 5 : 2 é - 603 
coronata, Sars. 5 : P 5 c : ; . 604 
verticillata, n. sp. . c < : : . : - 604 
cricophora, D. sp. : z : 4 C : - 606 
armillata, D. Sp. « : : . : : : c . 608 
membranacea, ND. Sp. 5 . ° 3 : ‘ ‘ Sula 
discincta, n. Sp. . . : ° : . ‘ . 613 
Genus Freyella, Perrier : A ; . 4 : 5 j 7 ol4 
Freyella pennata, n. sp. . 5 . : 0 7 : . 618 
polycnema, Ds SPs : F 5 : : ; é 6 (Pal 
echinata, 0. sp. . : : : . : : : - 623 
Sragilissima, 0. sp. 5 . : : 5 - 626 
bracteata, 0. sp. + . : . . : : ‘ - 629 
—— dimorpha, n. sp. . : . . ° . : : - 632 
remex, Ds Sp. . : : . 2 é : : - 635 
— tuberculata, n. sp. : : . : : . : . 638 
benthophala, n, sp. F b : : : : : 5 el 
heroina, n. sp. . <i : ; : ; : : . 643 
attenuata, D. sp. . ‘ : a 5 : : 2 . 645 
,Genus Colpaster, n. gen. 5 * . - : 9 - : OAT. 
Colpaster scutigerula, sp. ° : : : : : F . 648 
Ill, CHOROLOGY OF THE SPECIES. 
A. List oF STATIONS AND THE GEOGRAPHICAL PosITIONS AT WHICH ASTEROIDEA WERE 
COLLECTED, WITH THE ENUMERATION OF THE SPECIES OBTAINED AT EACH STATION. 
I. Challenger Expedition . : 5 : - i : : : 5 oil 
II. ‘‘ Porcupine” Expeditions— 

1. 1869 Cruise . : : ‘ ; : : : ; . 675 
li. 1870 Cruise , : : : : 5 : : : a arf) 
Ill. ‘Knight Errant” Expedition . : : : 2 : ° c . 680 
IV. “Triton” Expedition . ; : a : ; : ; : OSL 
VY. “ Lightning” Expedition . ‘ ‘ : 5 : ‘ : - 682 


Table of the Distribution of the Genera of Asteroidea collected by the Challenger in the great Oceanic 
Areas, showing the number of Species by which each is known to be represented and the number 
of Species which are common to two or more Oceans : é A - 683 
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B. BATHYMETRICAL RANGE OF THE SPECIES, 


I. Challenger Expedition— 


F PAGE 
(1.) Littoral Zone . : : ¢ %s G 6 ; 5 
(2.) Continental Zone . 3 : - : : : 2 . 690 
(3.) Abyssal Zone . . 5 : : - ° c - 692 
II. ‘‘Porcupine” Expeditions— , 
(1.) Littoral Zone : : : - 6 é : : . 695 
(2.) Continental Zone. ; : 4 ; : . p . 695 
(3.) Abyssal Zone . . : 3 ; : : . 696 
Ill. “ Knight Errant” Expedition— 
(1.) Littoral Zone c : c : ‘ : oan = 697 
(2.) Continental Zone. : : : : ; : é - 697 
(3.) Abyssal Zone . fs : : : : . : on O9d 
IV. “Triton” Expedition— 
(1.) Littoral Zone 3 ; : : : : : é 5 Wh 
(2.) Continental Zone. : : 5 5 : 2 : . 698 
(3.) Abyssal Zone é A é : 0 : 2 : ; 698 
Table’showing the known Bathymetrical Range of the Genera of Asteroidea collected by the Challenger 
in each of the great Oceanic Areas : é A ° : 6 : . 699 


C. NATURE OF THE SEA-BOTTOM ON WHICH THE ASTEROIDEA COLLECTED BY THE CHALLENGER WERE 
FOUND, WITH AN ENUMERATION OF THE SPECIES OCCURRING ON EACH DEPOSIT. 


I. Terrigenous Deposits— 


a. Gravel, Stones 6 B A F é : ; : . 702 
b. Coarse Gravel. Z 3 3 : : : : ; . 702 
c. Sand . : : ; ; : j : : . 103 
d. Sand, Gravel ; ; : : : i : : . 104 
e. Sand and Shells , : : ‘ ‘ : . : . 704 
f. Rock . ‘ F 7 ; ; : ‘ i : . 704 
g. Hard Ground, “ Gravel, Shells” ; : : : . 5 . 705 
h. Hard Ground 5 ‘ j : ; : ; : . 705 
7 Mud . ‘ : ; ; : : : ‘ ; > 05 
j. Blue Mud ss. : : : ; : : ; , . 706 
k. Green Mud. 5 : : ‘ : : : : ON 
i. Green Sand . é é : : : : j : 5 TOK) 
m. Red Mud c 5 5 A : ; : : ; 09 
nm. Volcanic Mud A A . é ; ; : : S09) 
o. Greenish Volcanic Mud <Q : ; : : ; ‘ > «é10 
p. Volcanic Sand : A é : : 5 : : 6 gfllil 
gq. Coral Mud . 4 C 5 : . : : : 5 efalil 


7. Coral Reefs . é F - ; : é ‘ : 2 712 
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II. Abyssal Deposits— 
a. Globigerina Ooze 
6. Pteropod Ooze 
c. Diatom Ooze . 
d. Radiolarian Ooze 
e Red Clay c . 


IV. LIST OF THE KNOWN SPECIES OF RECENT ASTEROIDEA 
V. SYSTEMATIC INDEX . 

VI. INDEX TO AUTHORS 

VII. EXPLANATIONS OF PLATES. 

VIII. MAP. 
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CONTENTS. 


J. Hisrory oF THE CLASSIFICATION OF THE ASTEROIDEA. 
‘TIL REASONS FOR CONSIDERING PREVIOUS CLASSIFICATIONS INVALID. 
TII. A CLASSIFICATION OF THE ASTEROIDEA BASED ON Factors OF MORPHOLOGICAL IMPORTANCE. 


I. History of the Classification of the Asteroidea. 


The earliest attempt to classify the Asteroidea was made by Linck’ in 1733, who 
published the first monograph devoted to starfishes, entitled: De Stellis marinis liber 
singularis. It is a work worthy of honour, and one which I hold in reverential estima- 
tion. Linck divided the “ Stelle marine” into two sections, named “ Stelle fisse” and 
« Stelle integre ”—the former characterised by the presence of an open channel or ambu- 
lacral furrow along the actinal surface of each of the lobes or rays of the body, the latter by 
the absence of these open channels. The Stellx fissw correspond to the Asteroidea of the 
present nomenclature; the Stella integrx comprise the Ophiuroidea and the Comatulee. 
Linck divided the Stellz fisse, or section equivalent to the Asteroidea, into three classes, 
which were based on the number of the rays; the first class embraced forms with less 
than five rays (all, by the way, abnormal or monstrous forms), the second forms with five 
rays, and the third all those with more than five rays. The classes were subdivided into 
genera, those included in the first and third being distinguished by the number of their 
rays. = In the second class, however, the gentra were characterised by the general form. 
This class contained seven genera, four of which are still maintained, viz., Pentagonaster, 
Pentaceros, Astropecten, and Palmipes. 

It will be seen from the above that the basis of Linck’s classification is purely artificial, 
the number of rays being the determinating factor. 

In 1766 Linné,? in the 12th edition of his Systema Nature, grouped all the 
Asteroidea, Ophiuroidea, and Comatulee known to him in one genus, Asterias, which he 


1 De Stellis marinis liber singularis, Lipsie, 1733. 
2 Systema Nature, Editio Duodecima, Reformata, Holmiz, 1766. 
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divided into three sections, named Integra, Stellatx, and Radiate. The representative 
of the first of these sections cannot now be recognised ; the second section is equivalent 
to the Asteroidea, and comprised nine species; the third section embraced the Ophiuroidea 
and Comatulee. 

Lamarck,’ in 1816, divided the Asterias of Linné (which he regarded as a family 
under the name of ‘‘ Les Stellerides”) into four genera, which he named Comatula, 
Euryale, Ophiura, and Asterias, the last being equivalent to the section “ Stellatx” of 
Linné, and to the Asteroidea of the present day. He divided the genus Asterias into two 
sections: (i.) ‘Asteries scutellées,” and (ii.) ‘ Asteries rayonnées,” the former embracing 
the species in which the length of the ray does not exceed that of the diameter of the disk, 
and the latter those in which the length of the ray is greater than the diameter of the disk. 

In 1830 de Blainville* proposed to divide the Asteroidea (which he ranked as a family, 
“ Asteridea ”) into five sections (“ genres ou sous-genres ”), which were characterised by 
the general form, and by the number of the rays. The composition of the different 
groups was more or less heterogeneous, and none of them have been maintained. 

In 1834 Nardo® grouped a number of species known to him into five genera, two of 
which are maintained, viz., Asterina and Linckia. 

In 1835 Agassiz* divided the Asterias of Lamarck (which he ranked as a family in 
the order “ Les Stellerides”) into nine genera, including fossil forms. Of the eight genera 
in which recent forms were included, two are maintained i statu quo (Ophidiaster and 
Culcita), and the name of a third (Gonzaster) is used in a restricted sense. The remaining 
genera correspond to groups named by Linck or Nardo. 

This partition of genera was based on a number of structural characters, and was the 
first approach towards a morphological classification of the group. 

In April 1840 Miiller and Troschel’ published a preliminary classification of the 
Asteroidea, which they divided into three unnamed families, characterised by the presence 
or absence of an anal aperture, and by the quadriserial or biserial arrangement of the ambu- 
lacral tube-feet. Fourteen genera were defined by means of structural characters, and 
representative species were cited. ‘Two years later this work was expanded into a com- 
plete monograph on the group, entitled: System der Asteriden (Braunschweig, 1842), 
which has formed the basis of all subsequent systematic work on the Asteroidea. In the 
monograph the three families above indicated comprised eighteen genera, which included 
140 species. 

1 Hist. Nat. Anim. s. vert, t. ii. p. 530, 1816. 

* Dict. Sci. Nat., art. “ Zoophyte,” t. Ix. p. 216, 1830; Manuel d’Actinologie ou de Zoophytologie, 1834, 
p. 235. 

8 De Asteriis, Oken’s Isis, 1834, Heft vii. p. 716. 

4 Prodrome d’une Monographie des Radiaires ou Echinodermes, Mém. Soc. Sci. Nat. Neuchatel, t. i. 1835, 


p. 190. 
5 Monatsber. d. k. preuss. Akad. d. Wiss. Berlin, April 1840, p. 102. 
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In November and December 1840, and consequently only a few months later than 
Miller and Troschel’s preliminary paper above referred to, Gray’ published a synopsis of 
the genera and species of starfish. He divided the Asteroidea into two unnamed sections, 
one characterised by having four rows of ambulacral tube-feet, the other having two 
rows. ‘The first section contained one family, named “ Asteriade ;” the second section 
three families, named Astropectinidee, Pentacerotide, and Asterinide. . These four families 
comprised forty-five genera and nine subgenera, which were briefly defined by structural 
characters. his classification was republished as a separate work’ in 1866, with a few 
alterations and eight additional genera which had been described in the interim. 

In 1869 Perrier* published a valuable memoir on the pedicellarie of Asterids and 
Echinids. 

In 1875 Perrier* pointed out that the characters upon which the sectional divisions 
or families made by Miiller and Troschel and by Gray were based were insufficient and 
unsatisfactory. He insisted upon the importance of the pedicellariz: as a classificatory 
factor, and he divided the group into two unnamed divisions by means of the character 
of the pedicellarize and of the disposition of the ambulacral tube-feet. The first division 
was characterised by the presence of pedunculate forficiform or forcipiform pedicellariz, 
and a usually quadriserial arrangement of the ambulacral tube-feet ; the second division 
by sessile, pincer-formed, or valvate pedicellariz, and a usually biserial arrangement of 
the ambulacral tube-feet. The first division contained only one family, the “‘ Asteriade ;” 
the second division six families, the Echinasteridee, the ‘‘ Linckiade,” the Goniasteridx, 
the Asterinide, the Astropectinidze, and the Pterasteridee. These seven families embraced 
forty-five genera (forty-two recognised in the text), a number of Gray’s genera being 
absorbed or altered. Both families and genera were characterised by the structure of the 
skeleton. This work contains a careful revision of the species contained in the Museum 
d Histoire Naturelle of Paris, and supplemented by those in the British Museum. 

In 1878 Viguier® published an elaborate investigation on the Asterid skeleton, and 
propounded his discovery that in the mouth-ring of some starfishes the ambulacral plates 
were predominant, whereas in others the adambulacral plates were predominant. He 
also showed that a great range of variation occurred in the form of a plate which he called 
the ‘‘odontophore” (the basal interbrachial plate), as well as in the character of the 
mouth-plates, which he called teeth. 


1 A Synopsis of the Genera and Species of the Class Hypostoma (Astertas, Linneus), An. and Mag. Nat. 
Hist., 1840, vol. vi. p. 175. 

2 Synopsis of the Species of Starfish in the British Museum, London, 1866. 

’ Recherches sur les Pédicellaires et les Ambulacres des Astéries et des Oursins, Ann. Scz. Nat., 5e Série, 
t. xii, 1869, p. 197. 

* Révision de la Collection de Stellérides du Muséum d’Histoire Naturelle de Paris (Archives de Zool. 
exper., t. iv. 1875, pp. 265-450 ; t. v. 1876, pp. 1-104, 209-304). 

5 Anatomie comparée du Squelette des Stellérides (Archives de Zool. eapér., t. vii. 1878, pp. 33-250, pls. 
V.-XV1.) 
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On the basis of these researches Viguier proposed an amended classification of the 
Asteroidea. He divided the class into two sub-classes, named “ Astéries ambulacraires” 
and “ Astéries adambulacraires.” The first characterised by the predominance of the 
ambulacral plates in the mouth-ring, the presence of pedunculate forficiform or forcipiform 
pedicellarize, and the usually quadriserial arrangement of the ambulacral tube-feet ; the 
second sub-class characterised by the predominance of the adambulacral plates in the 
mouth-ring, by the presence of sessile, pincer-like, or valvulate pedicellarice, and by the 
almost constant biserial arrangement of the ambulacral tube-feet. The first sub-class was 
divided into three families, the “ Asteriadze,” Heliasteridze, and Brisingide. The second 
sub-class was divided into ‘seven families, the Echinasteride, ‘ Linckiade,” Goniasteride, 
Asterinide, Pterasteridee, Astropectinidee, and Archasteridee. 

The three families, Heliasteridee, Brisingidee, and Archasteridz are additions to those 
given in Perrier’s list. Perrier, however, included the family Brisingide in his remarks, 
but did not include it in his synoptical table. The genera recognised by Perrier are 
accepted by Viguier, Metrodira, Nepanthia, and Brisinga being the only additions on 
his list. Viguier, however, defined the genera chiefly on the basis of his own investiga- 
tions on the skeleton, the characters of the odontophore and the mouth-plates being used 
by him as important factors in the classification: On these grounds several of the genera 
are placed by Viguier in different families and associations from those to which they were 
referred by Perrier. 

In 1879 Zittel* published a classification having special reference to fossil forms. He 
divided the class Asteroidea into two orders—(1) the Ophiuride, which was again divided 
into two sub-orders, the Euryaleze and the Ophiure ; and (2) the Stelleridee, which was 
subdivided into two sub-orders, the Encrinasteriz and the Asteriz vere. The latter 
group—which comprises all the recent forms—was simply divided into two unnamed 
sections, characterised by the quadriserial and the biserial arrangement of the ambulacral 
tube-feet. 

In 1884 Perrier* again discussed the question of classification, and pointed out that the 
structure of the mouth determined by Viguier, and the character of the ambulacral furrow, 
are morphologically correlated, the one dependent on the other, and that the modifications 
in the form of the pedicellarize stand in no definite connection with the structure of the 
ambulacral furrow and the mouth. From this he was led to discuss the relative taxo- 
nomic values of the structure of the ambulacral furrow and mouth on the one hand, and 
of the form of the pedicellariz on the other. He decided in favour of the pedicel- 
larize, on the ground that they are in his opinion aborted rudiments of ancestral organs 


1 Handbuch der Paleontologie, Miinchen, 1879, Band i. p. 437. 

2 Mémoire sur les Etoiles de mer recueillies dans la mer des Antilles et le Golfe de Mexique durant les 
expéditions de dragage faites sous la direction de M. Alexandre Agassiz (Nouv. Archives Mus. Hist, Nat., 
2e Série, t. vi, (1884) p. 134). 
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which were originally more important than at present. As the outcome of these consi- 
derations, Perrier relinquished the division of the Asteroidea into two ‘sections or sub- 
divisions, and divided the class into four orders, which he considers may be characterised 


by the form of the pedicellariz. 
The following is Perrier’s* summary of his classification, given verbatim :— 


1. FORCIPULATA. 
Pédicellaires pédonculés, droits ou croisés. 


Familles: Brisincipa, PEDICELLASTERID®, ASTERIADA, HELIASTERIDA. 


2, SPINULOSA. 
Pédicellaires en pince, résultant d’une modification des piquants. 


Familles: EcuinasterID&, PrrrasTERID&, ASTERINID®. 


3. VALVATA. 
Pédicellaires valvulaires ou en saliére. 


Familles: Linck1aAp, GONIASTERID, ASTEROPSID&. 


4, PAXILLOS. 
Pédicellaires formés par un ossicule squelettique et les piquants qui le recouvrent. 


Familles: ARCHASTERID®, ASTROPECTINIDA. 


On subsequent pages of the same memoir the names “ Spinulosee” and “ Valvatee” are 
changed to “ Echinulate”” and “ Valvulate”° respectively, and the following additions 
are made to the families mentioned :—In the order Spinulosee, the families “ Mithrodinz”’ 
and Solasteridee are included,* and in the order Valvatze (or Valvulatee) the families 
“ Gymnasteriadz,” Pentacerotidee, Antheneidz, and Pentagonasteridz take the place’ of the 
Goniasteridze and Asteropsidze of the above list. ‘Three pages further on another family, 
Goniopectinide,” is also referred to this order, Valvulatee ; but in the descriptive part of 
the memoir, the type (and only) genus, Goniopecten, is placed’ under the family Archas- 


3 


teridse in the order Paxillosee. 

Op, cit., pp. 167, 206, 
Op, cit., p, 164, 

Op. cit., p. 168. 


1 Op, cit., p. 154, 
3 Op, cit., pp. 164, 167, 221. 
5 Op, cit., p. 165, 
T Op, cit., p. 249, 
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I]. Reasons for considering previous Classifications invalid. 


As the foregoing is the latest scheme of classification, and is, in fact, the embodiment 
of all that have gone before, I propose to examine briefly the fundamental characters upon 
which it is based. 

Perrier’s classification is based upon the character of the pedicellariw. He considers 
that the pedicellariz furnish characters of the highest taxonomic value; in other words, 
he regards them as class characters, upon the modifications of which divisions of ordinal 
rank may be made. He’assigns to the pedicellarize this importance on the ground that they 
are the degenerated rudiments of organs whose functions were more important in the 
ancestral forms than those which pedicellariz now perform. Perrier states that the pedi- 
cellarize appear earlier in the embryo of Echinids than the spines. He regards them as 
more ancient organs. He rejects the view that they are modified forms of spines, as sug- 
gested by A. Agassiz. He considers that they furnish positive ordinal characters in the 
Kchinoidea. He asserts that these statements are even more clearly applicable to the 
Asteroidea than to the Echinoidea. He regards the more complex forms of pedicellariz 
as older than the simpler forms, and believes that the forcipiform pedicellariz are older 
and more typical than the more simple forficiform pedicellariz. 

Confining my remarks, to the Asteroidea, I venture to think that facts do not support 
any one of these statements, so far as that class is concerned. 

(1.) Respecting the priority of appearance in the pedicellariz and spines, I may say 
that in no starfish embryo which I have examined have I found anything to warrant the 
assumption that pedicellarie appear before spines; in fact, my observations indicate 
unequivocally that the spines are formed before the pedicellarie. In Asterias, a form 
which is crowded with pedicellarize when adult, and is one grouped by Perrier amongst 
what he considers (erroneously in my opinion) the oldest forms of Asteroidea, this is 
certainly the case. Neither has any other observer who has written upon the development 
of starfishes recorded, so far as I am aware, the appearance of pedicellarize before spines. 

(2.) As to whether pedicellarie are modified forms of spinelets, and as to whether the 
older forms of the organ are simpler or more complex than the more recent, I consider 
that those Asterids, which I believe to represent the most archaic forms, distinctly support 
the views, (i.) that the pedicellarize are modified spinelets, and (ii.) that the older forms 
of the organ were simpler and less complex than the more recent. As to the mode in 
which the more complex forms may have been evolved it is unnecessary to speculate here. 
The further outcome of the argument that the most complex form of pedicellariz indicates 
the most ancient organism would logically lead to the conclusion—although such an opinion 
is not definitely expressed by Perrier—that the Echinoidea are phylogenetically older than 
the Asteroidea, for I imagine that it will be generally admitted that the pedicellarie of 
Echinoidea are more complex than those of Asteroidea. Such a conclusion, I venture to 
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believe, would not meet with general acceptance on other grounds, as the Asteroidea are by 
many considered to represent a more archaic type than the Kchinoidea. 

(3.) As to whether the pedicellariz furnish characters by which the four “orders” 
indicated by Perrier may be distinguished, I consider that they are insufficient and 
unsatisfactory ; and I would venture to say that in my opinion two of the orders in 
question would be more correctly described as defined by the character of their spinulation. 
I refer to the Spinulose and the Paxillosee. In his diagnosis of the order Spinulose 
(Echinulatee), Perrier distinctly states that the pedicellarize are simply formed of modified 
spinelets (op. cit., p. 206), and in that of the order Paxillosee (op. cit., p. 249) no mention 
whatever is made of pedicellariz ; in the abridged synopsis of the orders, however, given 
above, the Paxillosee are defined as characterised by pedicellarize, formed of an ossicle of the 
skeleton and the spinelets which cover it (op. cit., p. 154). The statements in the case of 


ce 


these two “orders” would seem to negative Perrier’s argument that pedicellariz are not 
modified spinelets and that they have nothing to do with those appendages. Furthermore, 
I fail to see that the characters invoked from the modifications in the form of the pedi- 
cellarize are of sufficient importance to indicate differences of an ordinal degree. 

Apart from the above considerations, which negative the view that the pedicellarize in 
the Asteroidea afford characters by which orders may be distinguished, I make bold to 
say that | am unable to regard either pedicellarize, or spines, or any other mere tegu- 
mentary appendages as furnishing characters of sufficient importance to warrant their 
employment as taxonomic factors of ordinal rank. Though I admit that pedicellarize do 
possess characters of a certain taxonomic value, I cannot regard them as characters either 
of primary or even of secondary importance in the great question of the division of a class. 

I may remark in passing that I do not consider the plate to which Viguier has unfor- 
tunately given the inappropriate name of “ odontophore” to merit the importance which 
he has placed upon it. The plate in question, which is the basal plate of the interbrachial 
system, is pushed by development upon the first pair of adambulacral plates, or mouth- 
plates, and is moulded into form to a certain extent by these plates, its shape being largely 
dependent on the number of the rays and the character of the adambulacral plates. So 
far, however, as my own observations go, | am inclined to think that in not a few cases 
greater differences may be found to exist between the ‘odontophores,” or, as I should 
prefer to call them, “basal interbrachials,” of congeneric species, than between those of 
species of distinctly separate genera. The form of the plate appears to be extremely 
variable, and not to present characters of very great taxonomic value. 


Ill. A Classification of the Asteroidea based on Factors of Morphological Importance. 


Passing in review the various morphological features or fundamental points of struc- 
ture which are common to the whole class, the following appear to me to present char- 
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acters whose differences indicate changes in structural detail resulting from modification 
and development, and show a relationship of subordination which warrant their being 
ranked as ordinal factors :— 
1. The adaptation of the organism to subserve the functions of respiration and 
excretion. 
2. The character of the ambulacral skeleton. 
3. The character of the ambital skeleton. 


I will remark briefly on each of these topics, confining, however, my observations 
on the present occasion to the sub-class Euasteroidea, as the other constituents of the 
Asteroidea are fossil forms whose classification it is not my intention to discuss in this 
place. 

1. The organs which Stimpson’ first named “ papule” (abactinal or dorsal water- 
tubes, A. Agassiz; Hautkiemen, Ludwig; respiratory processes, Carpenter; Kiemen- 
blischen, Hamann ; tubules, Voot and Yung; branchies lymphatiques, Cuénot; dermal 
branchiz, Durham), which puncture the body-wall in the form of delicate transparent mem- 
branous coeca, permit an exchange by osmosis of fresh oxygenated fluid from without, and 
of the effete or carbonised fluid from within the body-cavity. According to Mr. Durham,” 
they would also seem to permit of the passage of “scavenging amceboid cells” and more 
or less solid particles. The papule may be distributed over the whole body, or may be 
confined to a limited area. By means of their mode of occurrence, the Euasteroidea may 
be divided into two groups: in one the papulee are confined to the abactinal surface, and 
never pass beyond the boundary of the supero-marginal plates, and consequently do not 
occur in the lateral walls or on the actinal surface ; in the other group the papule extend 
beyond the boundary of the supero-marginal plates, and occur in the lateral walls and on 
the actinal surface. The former of these groups may be called the Stenopneusia, the latter 
the Adetopneusia. I recard the first group (the Stenopneusia) as the older, and as indi- 
cating a simpler or less complex stage of organisation for the performance of the functions 
in question. Embryology supports this view, for at an early stage in the life history of 
an Adetopneusate Asterid no papule are present; those first formed are confined to the 
abactinal surface, and the earliest to appear are situated near the base of the ray. It is 
only at a later stage of growth that the papule invade the lateral walls and the actinal 
surface. In other words, the members of the more highly developed group (the Adeto- 
pneusia) pass in the course of their development through a stage which represents the 
characters of the adult condition of the more primitive group (the Stenopneusia). 

2, The ambulacral skeleton—by which I understand not only the ambulacral plates 
and their associated adambulacral plates, but also the correlated series of tube-feet—exhibits, 


1 Proc. Boston Soc. Nat. Hist., vol. viii. (1862), p. 261. 
2 Proc. Roy. Soc. 1888, vol. xliii. p. 329. 
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when the sub-class is viewed as a whole, two modes of growth ; in the one the production of 
parts is accelerated in relation to the growth of the starfish, in the other the production 
of parts is retarded, or proceeds part passu with the general development of the skeleton. 

In the first group, the production of the ambulacral elements is so rapid and prolific in 
relation to the development of the starfish and the length of the ray, that the plates 
become crowded and crushed together, and their individual development, though not essen- 
tially reduced, is greatest in a plane at right angles to the axis of the ray, the plates being 
very short in the longitudinal direction of the ray, and crushed together in consequence of 
the action of growth-pressure. The segments may become so numerous, and the growth- 
pressure so great, that the normally single series of ambulacral tube-feet on each side of the 
median line may be crushed into a zigzag or alternating double series of tube-feet, thus pro- 
ducing a quadriserial arrangement of the tube-feet in each furrow. This character is secon- 
dary, however, in my opinion, and results from the degree to which the crushing is 
earried. I do not therefore consider the quadriserial disposition of the tube-feet to be 
of sufficient importance to define the primary divisions of a class as previous syste- 
matists have done. A further result of this growth-movement and crushing of parts 
in the ambulacral skeleton is found in the form and posture of the adambulacral plates, 
which assume a more or less crowded character, and their position becomes transverse. 
A secondary effect of this action on the adambulacral plates is the influence on the 
form of the mouth-plates, which is especially conspicuous in the actinostomial ring, the 
ambulacral elements being rendered the most prominent and define the mouth character, 
whilst the adambulacral elements are retarded, and have a relatively insignificant character. 
In consequence of the mode of its formation, I consider the form of the mouth a secondary 
character. I do not consider it to be of such importance as Viguier does, for although it 
is true that all Asterids in which the ambulacral skeleton is of the retarded type, or with 
its growth concurrent with the general development, have an adambulacral mouth, the 
occurrence of the ambulacral mouth is simply dependent on the degree to which the growth- 
pressure is extended, as well as the influence of other factors which determine the form of 
the adambulacral plates. 

In the second group, in which the production of parts in the ambulacral skeleton is 
retarded, or proceeds par? passu with the general development of the skeleton, there is 
little or no action of growth-pressure, the ambulacral and adambulacral plates are not 
diminished in the longitudinal direction of the ray by crushing, the ambulacral tube-feet 
are biserial in arrangement, and the adambulacral plates are most prominent in the actino- 
stomial ring, and define the character of the mouth. These two groups may be called the 
Leptostroteria and the Eurystroteria respectively. I consider the last mentioned of these 
two groups (the Eurystroteria) to be the older. Embryology supports this view, for at an 
early stage of a Leptostroterate Asterid (in which when adult the ambulacral tube-feet are 


quadriserial and the mouth ambulacral), the ambulacral skeleton shows no effects of growth- 
(ZOOL. CHALL. EXP.—PART LI,—1888.) ag 
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pressure, the plates are long in the longitudinal direction of the ray, the ambulacral tube- 
feet are in regular biserial arrangement, and the mouth is defined by adambulacral plates ; 
it is not until a later stage that the plates become crowded by growth-pressure, that the 
ambulacral tube-feet are crushed into zigzag or alternating series, forming a quadriserial 
arrangement, and the mouth-ring is defined by the prominence of the ambulacral plates. It 
will thus be seen that the members of the more highly developed group (the Leptostroteria) 
pass in the course of their development through a stage which represents the character of 
the adult condition of the more primitive group (the Eurystroteria). It is of interest to 
note that this occurrence and action of growth-pressure in the ambulacral region of 
Asterids strikingly recalls the growth-pressure shown by Lovén* and by Duncan” to occur 
- in the ambulacra of the polygeminate forms of regular Echini. 

3. The ambital skeleton is formed by the marginal plates and their supplementaries 
when present. I consider them to be one of the most important systems of plates in the 
body as determining form and superficial character. Two distinct modes of growth may 
be defined in the marginal plates of the Euasteroidea, by which the sub-class may be 
divided into two groups. In the first the marginal plates develop rapidly, and continue to 
increase in size throughout the life of the starfish, being usually in the adult state the most 
conspicuous series of plates present, and forming a prominent and massive marginal border. 
In the second group the marginal plates do not increase in size, or only to an insignificant 
extent ; in fact, their relative size in relation to the body is conspicuously diminished in 
the adult stage as compared with their proportions in the young stage. They are in con- 
sequence often quite inconspicuous in the adult starfish, and can only be discovered 
by means of dissection, and even then frequently with difficulty. The first of these 
modes of growth is characterised by the increscent or accelerated development of the 
marginal plates, and the second by the decrescent or retarded growth of the mar- 
ginal plates. The former group I call Phanerozonia, in consequence of the prominent 
and conspicuous character of the marginal plates; the latter group Cryptozonia, in conse- 
quence of the insignificant and often hidden character of the marginal plates. I consider 
that the Phanerozonate group is older than the Cryptozonate, and that the latter indicates 
a divergence in character and a modification in form correlated with the development of 
other organic systems. Embryology supports this view of the relative age of the two 
groups, as in the early stages of the life history of a Cryptozonate Asterid, the marginal 
plates are large and conspicuous, forming a prominent phanerozonoid margin; it is not 
until a later stage that the growth of the marginal plates is retarded, and that with the 
increase in size in the other plates of the test they then appear to be relatively decrescent, 


1 Etudes sur les Echinoidées. K. Svensk. Vet.-Akad. Handl., Bd. xi. No. 7, pp. 23 et seg., 1874. 

2 Onjthe Anatomy of the Ambulacra of Recent Diadematide, Journ. Linn. Soc. Lond. (Zool.), vol. xix. p, 95 ; 
On the Structure of the Ambulacra of some Fossil Genera and Species of Regular Echinoidea, Quart, Journ. 
Geol. Soc. Lond,, 1885, vol, xl., p, 419. 
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and at the adult stage have become more or less insignificant. It may hence be stated 
briefly that the members of the more highly developed group (the Cryptozonia) pass in 
the course of their-development through a stage which represents the characters of the 
adult condition of the more primitive group (the Phanerozonia). 

Of the development of intermediate plates between the supero-marginal and infero- 
marginal series, and of the relative posture of the plates in these two series in the Crypto- 
zonate Asterids, it is unnecessary here to remark. 

From the foregoing considerations it will be seen that three of the most important class 
characters of the Asteroidea exhibit two modes of presentment, and that by means of any 
one of the three the Euasteroidea may be divided into two groups, one of which in each 
ease is apparently older than the other. 

Now the divisions thus made are essentially equivalent in each of the three categories ; 
that is to say, the older group as determined by one of the characters corresponds to the 
older group determined by the other two, and similarly with the newer and more highly 
developed group. The corresponding divisions in each of the three categories are not, 
however, exactly coequal when regarded independently, nor is this to be expected; but 
the slight overlap or extension of one or other of the characters in the case of transitional 
groups is comparatively insignificant : in fact, the result is a “dove-tailing” or interlocking 
of the groups, which is perfectly natural and in accordance with what is found to occur 
in other branches of the animal kingdom. We have thus a natural morphological division 
of the sub-class into two sections or groups on the basis of three independent and im- 
portant structural factors, one group being more archaic or more primitive than the other. 
These groups I regard as true natural orders in the strictest sense of the term. ‘To the 
first or older group I have given the name Phanerozonia, to the second and more highly 
developed group the name of Cryptozonia. 

I have selected the marginal plates for the name character of the orders in 
consequence of their importance in the Asterid skeleton as well as for the compara- 
tive ease with which their character may be observed in the superficial aspect of a 
starfish. 

I shall now proceed to define the families comprised in the two orders, in accordance 
with my views as to their morphological relations, and shall cite under each the consti- 
tuent genera. I have been led on structural grounds to establish subfamilies where the 
divergence of form indicated by the included genera demanded in my opinion this 
expression of their affinities. In many cases this presentment of the constitution of a 
group will be found to give a solidarity to the family and an intelligent view of its com- 
position, as well as to indicate the relationships of genera which otherwise would appear 
isolated and unnaturally placed. As an evolutionist, however, I regard the ideas of 
species, genera, families, and other divisions, as merely abstract particulars which con- 
stitute a synopsis or working key to our views of the affinities of organic forms—the 
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details in an outline sketch of our attempt to put together the scattered evidences and to 
trace the lost records of the pedigree of life. 
The following is a summary of the classification I have adopted :— 


Crass ASTEROIDEA. 
Sub-class HUASTEROIDEA, Sladen, 1886.1 
Order I. PHANEROZONIA, Sladen, 1886. 


[SrenopNeusiIA : EurysrRorerta. | 


Euasteroidea with marginal plates large and highly developed in the adult. The 
supero-marginal and the infero-marginal plates contingent and with their axes usually in 
parallel planes. Papulz restricted to the abactinal area, circumscribed by the supero- 
marginal plates. Ambulacral plates well spaced and usually broad, the development of 
the ambulacral skeleton being retarded, or concurrent with that of the test generally. 
Actinostomial ring with the adambulacral plates prominent. Pedicellarie valvate, fora- 
minate, or excavate. 


Family I. ARcHASTERID# (Viguier, 1878), emend. Sladen, 1886. 


Phanerozonate Asterids with thick and massive marginal plates bearing spines or spini- 
form papille. Abactinal skeleton with simple spiniform spicules, with pseudo-paxille, 
or with true paxillz. Actinal interradial areas with plates bearing spinelets. Adam- 
bulacral plates large and not compressed. Proctuchous. Pedicellarize frequently present. 
No superambulacral plates. 


Subfamily 1. PARARCHASTERINA, Sladen, 1886. 


Archasteride with the papule confined to a limited area at the base of the ray. 
Marginal plates more or less alternate. Actinal intermediate plates absent or very few in 


number. 
Genus 1. Pararchaster, Sladen. 


Genus 2. Pontaster, Sladen. 


Subfamily 2. PLuronasTeRINa, Sladen, 1886. 


Archasteridze with the papule distributed over the whole abactinal area. Marginal 
plates opposite. Actinal intermediate plates well developed. No definite medio-radial 


line of abactinal plates. ; 
Genus 1. Dytaster, Sladen. 


Genus 2. Plutonaster, Sladen. 
Genus 3. Lonchotaster, Sladen. 


1 Date when the corresponding sheet of the descriptive portion of this work left my hands for press. 
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Subfamily 3. PssuDARCHASTERIN®, Sladen, 1886. 


Archasteridee with a definite medio-radial line of abactinal plates, Abactinal plates 
arranged in longitudinal series parallel to the median series. Actinal intermediate plates 
well developed. Abactinal plates devoid of internal imbricating ridges. No pedi- 


cellariz. 
Genus 1. Pseudarchaster, Sladen. 


Genus 2. Aphroditaster, Sladen. 


Subfamily 4. ArcHAsTERIN», Sladen, 1886. 


Archasteride with a definite medio-radial line of abactinal plates. Abactinal plates 
in oblique transverse rows on each side of the median series. Abactinal plates with 
special internal imbricating ridges. Actinal intermediate plates aborted, or very few in 
number. Pedicellarize present. 


Genus 1. Archaster (Miiller and Troschel), emend. Sladen. 


For a Synopsis of the Subfamilies and Genera included in the Family Archasteride, 
see p. 2. 


ARCHASTERID incertx sedis. 


The following recently described genera appear to me to belong to the family Archas- 
terine, but the descriptions published do not enable me to indicate their position more 
definitely, and in some cases the reference to the family is doubtful. 


Genus Benthopecten, Verrill. 
Genus Blakiaster, Perrier. 
Genus Cheiraster, Studer. 
Genus Crenaster, Perrier. 
Genus Goniopecten, Perrier. 
Genus Pectinaster, Perrier. 
Genus Lwidiaster, Studer. 
?Genus Odontaster, Verrill. 


Remarks.—Judging from the description alone, I have great hesitation in placing 
Odontaster with the Archasteride ; it may possibly prove to be more closely allied to the 
Pentagonasteride : in any case it appears to be an annectant genus between the two 
groups. 


Family II. PorcELLANASTERID, Sladen (1883), emend. 1886. 


Phanerozonate Asterids with thin and lamelliform marginal plates, naked or covered 
only with membrane. Abactinal area covered with membrane, beset with simple spini- 
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ferous spicules or pseudo-paxillee. A central epiproctal prominence, more or less defined, 
and frequently developed into an elongate tubular prolongation. Actinal interradial 
areas more or less extensive, paved with squamiform intermediate plates, covered with 
delicate membrane. Cribriform organs present. Adambulacral plates large, with a simple 
marginal armature, uniserially disposed. 


Subfamily 1. PorcELLANASTERIN®, Sladen, 1883. 


Porcellanasteridze with cribriform organs highly developed; localised. Actinal inter- 
radial areas with squamiform plates covered with a simple membrane, and not traversed 
with fimbriated channels. 


Genus 1. Porcellanaster, Wyville Thomson. 
Genus 2. Styracaster, Sladen. 

Genus 3. Hyphalaster, Sladen. 

Genus 4. Thoracaster, Sladen. 

Genus 5. Pseudaster, Perrier. 


Subfamily 2. Crenopiscina, Sladen, 1886. 


Porcellanasteridze with a simplified form of cribriform organ on the margins of each 
pair of marginal plates. Actinal interradial areas traversed by fimbriated channels, in con- 
tinuation of the fasciolar or eribriform channels between the marginal plates. 


Genus 1. Ctenodiscus, Miiller and Troschel. 


For a Synopsis of the Subfamilies and Genera included in the Family Porcellanas- 
teridze, see p. 126. 


Family III. Astroprctinip& (Gray, 1840), emend. 


Phanerozonate Asterids with large marginal plates bearing spines or spiniform papille. 
Abactinal skeleton with true columnar paxille. Actinal interradial areas small, inter- 
mediate plates when present spinose. Adambulacral plates short and more or less com- 
pressed. Superambulacral plates present. Aproctuchous. Pedicellarie rarely present. 


Subfamily 1. Asrroprcrinina&, Sladen, 1887. 


Astropectinidee with adambulacral plates touching the infero-marginal plates along 
the ray. Marginal and adambulacral plates not correspondent in length and number. 
Supero-marginal plates more or less well developed. 


Genus 1. Craspidaster, n. gen. 
Genus 2. Leptoptychaster, Smith. 
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Genus 3. Movraster, n. gen. 

Genus 4. Astropecten, Linck. 

Genus 5. Psilaster, Sladen. 

Genus 6. Phowxaster, Sladen. 

Genus 7. Bathybiaster, Danielssen and Koren. 
Genus 8. Jlyaster, Danielssen and Koren. 


Subfamily 2. Lurpiin, Sladen, 1887. 


Astropectinide: with the infero-marginal plates separated from the adambulacral plates 
by a small intermediate plate throughout the ray. Marginal and adambulacral plates 
correspondent in length:and number. 


Genus 1. Jaidia, Forbes. 
Genus 2. Platasterias, Gray. 


For a Synopsis of the Subfamilies and Genera included in the Family Astropectinide, 
see p. 175, 


é Family [V. PENTAGONASTERID4S, Perrier, 1884. 


Phanerozonate Asterids with thick and massive marginal plates, which may be either 
naked, or bear granules or spiniform papille. Disk largely developed. Apical plates often 
increscent. Abactinal surface tessellate, with rounded, polygonal, or stellate plates, which 
may be tabulate or paxilliform. ‘Actinal interradial areas largely developed, covered with 
pavement-like plates, which may be naked, or covered with membrane, or may bear 
granules or spinelets. 


Subfamily 1. PenraGonasTERIn», Sladen, 1887. 


Pentagonasteridz: with the abactinal area paved with rounded, polygonal, or paxilliform 
plates. Granules or spinelets when present co-ordinated. 


Genus 1. Pentagonaster, Linck. 
Genus 2. Astrogoniwm, Miiller and Troschel, emend. 
Genus 3. Calliaster, Gray. 
Genus 4. Chitonaster, Sladen. 
Genus 5. Calliderma, Gray. 
Genus 6. Iconaster, n. gen. 
Genus 7. Gnathaster, n. gen. 
Genus 8. Nymphaster, Sladen. 
Genus 9. Paragonaster, Sladen. 
Genus 10. Mediaster, Stimpson. 
Genus 11. Nectria, Gray. 
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Subfamily 2. Gonropiscinm, Sladen, 1887. 


Pentagonasteridze with the abactinal area covered with flat stellate plates. Covered 
with a uniform granulose membrane. 


Genus 1. Stellaster, Gray. 

Genus 2. Ogmaster, von Martens. 

Genus 3. Leptogonaster, Sladen. 

Genus 4. Goniodiscus, Miller and Troschel, emend. 


Subfamily 3. Mimastertn#, Sladen, 1887. 


Pentagonasteridze with the abactinal area covered with small stellate plates bearing 
true paxille. Actinal intermediate areas with imbricating plates in transverse series, 
bearing paxilliform groups of spines. 


Genus 1. Mimaster, Sladen. 


For a Synopsis of the Subfamilies and Genera included in the Family Pentagon- 
asteridze, see p. 262. 


PENTAGONASTERIDE tncerte sedis. 


I am unable to indicate the subfamily in which the first of the two following genera 
should be placed, in consequence of the contradictory statements respecting the nature of 
its abactinal skeleton. The description of the second genus, Hoplaster, is so brief and 
insufficient, that its inclusion in this family is for the present purely tentative. If 
Hoplaster should prove to be correctly referred to the Pentagonasteridx, it would seem 
probable that it may be ranked in the subfamily Pentagonasterine. 


Genus Anthenoides, Perrier. 
Genus Hoplaster, Perrier. 


Family V. ANTHENEIDS, Perrier, 1884. 


Phanerozonate Asterids with thick and massive marginal plates, which may bear 
granules or tubercles. Abactinal skeleton stellato-reticulate, or with rounded plates bear- 
ing granules and tubercles, and may be covered with membrane. Actinal interradial areas 
with pavement-like plates, which bear large valvate pedicellariz. 


Genus 1. Anthenca, Gray. 


Genus 2. Goniaster (Agassiz), emend. Perrier. 
Genus 3. Hippasteria, Gray. 
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Family VIL. Penracrrotip® (Gray), emend. Perrier, 1884. 


Phanerozonate Asterids with unequally developed marginal plates, the superior series 
being frequently masked or hidden in membrane. Abactinal skeleton reticulate. Plates 
with large isolated tubercles or spinelets, or granulose, or covered with membrane. Actinal 
interradial areas with large pavement-like plates, which bear unequal-sized granules. 


Genus 1. Pentaceros, Linck. 
Genus 2. Nidorellia, Gray. 
Genus 3. Ampliaster, Verrill. 
Genus 4. Pentaceropsis, n. gen. 
Genus 5. Culcita, Agassiz. 
Genus 6. Asterodiscus, Gray. 
Genus 7. Choriaster, Liitken. 
Genus 8. Paulia, Gray. 


For a Synopsis of the Genera included in the Family Pentacerotide, see p. 343. 


Family VII. GyMNASTERIIDA, Perrier, 1884. 


Phanerozonate Asterids with unequally developed marginal plates. Abactinal skeleton 
tessellate, the plates being often irregular and only partially contingent. The whole test 
covered with membrane, which may be simple, or granulose, or beset with spinelets. 
Actinal interradial areas with large regular plates, often in isolated serial arrangement. 


Genus 1. Asteropsis, Miiller and Troschel. 

Genus 2. Dermasterias, Perrier. 

Genus 3. Gymnasteria, Gray. 

Genus 4. Tylaster, Danielssen and Koren. 
Genus:5. Porania, Gray. 

Genus 6. Marginaster, Perrier. 

Genus 7. Rhegaster, Sladen. 

Genus 8. Poraniomorpha, Danielssen and Koren, 
Genus 9. Laszaster, n. gen. 


For a Synopsis of the Genera included in the Family Gymnasteriide, see p, 355. 


Family VIII. Asterinip (Gray, 1840), emend. Perrier, 1875. 


Phanerozonate Asterids with small marginal plates, in some forms inconspicuous and 
with their axes convergent. Abactinal skeleton composed of imbricating and usually 
(ZOOL, CHALL, EXP.—PART LI.—1888.) é 
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lamelliform plates, notched on one side and bearing spines on the free margin; or 
irregular rounded plates with tufts of spinelets. Actinal interradial areas with imbri- 
cating plates bearing spines, No pedicellarie. 


Subfamily 1. GaneRtN#, Sladen, 1888. 


Asterinide with large marginal plates, and superficially phanerozonoid in character. 


Genus 1. Cycethra, Bell. 
Genus 2. Ganeria, Gray, 


Subfamily 2. AsTErinin#, Sladen, 1888. 


Asterinidz with marginal plates equal to or smaller than the other plates. Papule 
distributed throughout the abactinal area. Abactinal plates thick, crescentiform, devoid 


of internal processes, 
Genus 1. Patiria (Gray), emend. Perrier, 


Genus 2. Nepanthia, Gray. 
Genus 3. Asterina, Nardo. 
Genus 4. Disasterina, Perrier. 


Subfamily 3. Patmipeprn, Sladen, 1888. 


Asterinide with the papule confined to the radial regions, Abactinal plates in 
the median regions stellate, Abactinal plates thin, scale-like, with elongate internal 
prolongations, 

Genus 1. Palmipes, Linck. 


Genus 2. Stegnaster, n. gen. 


For a Synopsis of the Subfamilies and Genera included in the Family Asterinide, see 
p. 375. 


ASTERINIDA incertz sedis. 


Genus Tremaster, Verrill. 


The description given of this genus is not sufficient to indicate whether it should be 
placed amongst the Asterinine or the Palmipedine. It is even possible that its abnormal 


structure may require the establishment of an independent subfamily which should be 
called. Tremasterine. 


Order II. CRYPTOZONIA, Sladen, 1888. 
[ApETopNEusta : LeProsTROTERIA. | 


Euasteroidea with marginal plates inconspicuous and more or less rudimentary in the 
adult. The supero-marginal plates often separated from the infero-marginal plates by 
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intermediate plates, and their axes are usually not in parallel planes, Papulee not confined 
to the area circumscribed by the supero-marginal plates, but often present between the 
marginal plates and on the actinal surface. Ambulacral plates more or less crowded and 
narrow, the development of the ambulacral skeleton being frequently greatly accelerated in 
relation to that of the test generally. Actinostomial ring with ambulacral or adam- 
bulacral plates prominent. Pedicellarize pedunculate or sessile, not foraminate (except 
in the Linckiidz). 
Family I. Linck11p, Perrier, 1875, emend. 


Cryptozonate Asterids with comparatively well-developed marginal plates, always con- 
tingent. Disk small, rays long and cylindrical. Abactinal skeleton tessellate. Tegumen- 
tary developments granulate. Superambulacral plates usually present (wanting in Fromia 
and Ferdina). Pedicellarive (rarely present) excavate or foraminate. 


Subfamily 1. Coarastertn#, Sladen, 1888. 


Linckiidee with abactinal plates with internal supplementary plates. Abactinal plates 


with paxilliform tabula, 
Genus 1. Chetaster, Miiller and Troschel. 


Subfamily 2. Lincki, Sladen, 1888, 


Linckiidze with abactinal plates devoid of internal supplementary plates; not forming 
paxilliform tabula. Abactinal and marginal plates granulose, and not bearing spines. 
Genus 1. Hromia, Gray. 
Genus 2. Ferdina, Gray. 
Genus 3. Ophidiaster, Agassiz. 
Genus 4. Pharia, Gray. 
Genus 5. Levaster, Peters. 
Genus 6. Linckia, Gray. 
Genus 7. Phataria, Gray. 
Genus 8. Nardoa, Gray, emend. 
Genus 9. Narcissia, Gray. 


Subfamily 3. Merropirin, Sladen, 1888. 


Linckiidee with abactinal plates devoid of internal supplementary plates ; not forming 
paxilliform tabula. Abactinal and marginal plates covered with membrane, the former 
and occasionally the latter bearing isolated and skin-covered spinelets. 


Genus 1. Metrodira, Gray. 


For a Synopsis of the Subfamilies and Genera included in the Family Linckiide, see 
p. 397. 
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Family IL ZoroastErrp 4, Sladen, 1888. 


Cryptozonate Asterids with contingent marginal plates. Disk small; rays long, 
cylindrical, and tapering. Abactinal skeleton tessellate, arranged in regular longitudinal 
and transverse series. Primary apical plates persistent in the adult. Tegumentary 
developments spiniform (long and needle-like). Adambulacral plates unequal, alternate 
plates with prominent ridges. Adambulacral armature complex, polyacanthid. Pedi- 
cellarize (forcipulate) pedunculate. 


Genus 1. Zoroaster, Wyville Thomson. 
Genus 2. Cnemidaster, n. gen. 
Genus 3. Pholidaster, Sladen. 


Family III. StrcHasterip, Perrier, 1885. 


Cryptozonate Asterids with contingent marginal plates. Abactinal skeleton tessellate, 
arranged in more or Jess regular longitudinal series. Tegumentary developments spiniform 
(equal and papilliform or granuliform). Adambulacral ‘plates small, equal, compressed, 
with no ridges. Adambulacral armature simple, diplacanthid. Pedicellarie forcipiform 
and forficiform, ; 

Genus 1. Stichaster, Miiller and Troschel. 
Genus 2. Neomorphaster, n. gen. 
Genus 3. Tarsaster, n. gen. 


Family IV. SouastEerrp&, Perrier, 1884. 


Cryptozonate Asterids with a reticulate abactinal skeleton, more or less irregular, with 
plates bearing paxilliform groups of spines. Actinal intermediate plates more or less 
developed. Armature of the adambulacral plates pectinate, all with a transverse series, 
some with a second series at right angles to this, parallel to the furrow. With inter- 
brachial septa. No supradermal membrane. No pedicellarie. 


Subfamily 1. Sotasrrrin#, Sladen, 1888. 


Solasteridze with the armature of the adambulacral plates in two series at right angles 
to each other. 
Genus 1. Crossaster, Miiller and Troschel. 
Genus 2. Solaster, Forbes. 
Genus 3. Lophaster, Verrill. 
Genus 4. Rhipidaster, n. gen. 
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Subfamily 2. KorerHrasTEkrIy®, Sladen, 1888. 


Solasteridse with the armature of the adambulacral plates forming with that of the 
actinal intermediate or infero-marginal plates a single transverse series. 


Genus 1. Korethraster, Wyville Thomson. 
Genus 2. Peribolaster, Sladen. 


For a Synopsis of the Subfamilies and Genera included in the Family Solasteride, see 
p- 442. 
SoLaSTERIDA incerta sedis. 
Genus Ctenaster, Perrier. 
Genus Radiaster, Perrier. 


I have followed M. Perrier in placing these two genera in the Solasteridze ; I am 
unable to speak of either of the forms from personal knowledge. The descriptions and 
figures are insufficient. 


Family V. PTERASTERIDA, Perrier, 1875. 


Cryptozonate Asterids with the abactinal skeleton formed of cruciform or stellate plates, 
bearing paxilliform groups of spinelets. With a nidamental cavity formed by a supra- 
dorsal canopy, opening centrally by a valvular structure. In some forms the supradorsal 
membrane may be partially or wholly aborted. Segmental apertures and papille usually 
present. Actino-lateral spines when present forming a fine web, or merged in the actinal 
floor. No actinal intermediate plates. No interbrachial septa. No pedicellarie. 


Subfamily 1. PrerasTertn#, Sladen, 1888. 


Pterasteridee furnished with a supradorsal membrane. With actino-lateral spines. 
With segmental apertures. Form disco-pentagonal, rays slightly produced. Abactinal 
spinelets long, forming highly developed pedicellated paxille. 


Genus 1. Pteraster, Miiller and Troschel. 
Genus 2. Retaster, Perrier. 

Genus 3. Marsipaster, Sladen. 

Genus 4. Calyptraster, Sladen. 

Genus 5. Hymenaster, Wyville Thomson. 
Genus 6. Benthaster, Sladen. 

Genus 7. Myzaster, Perrier. 

Genus 8. Cryptaster, Perrier. 
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Subfamily 2. PyrHonaAsTERIN», Sladen, 1888. 


Pterasteride having a stellate form, with greatly produced attenuate and cylindrical 
rays. Supradorsal membrane absent. No actino-lateral spines, and no segmental 
apertures. Abactinal spines short, in sheathed fascicules, not forming pedicellate 


paxille. 
Genus 1. Pythonaster, Sladen. 


For a Synopsis of the Subfamilies and Genera included in the Family Pterasteride, 
see p. 469. 


Family VI. Ecuinasterip&, Verrill, 1871 (1867), emend. 


Cryptozonate Asterids with a reticulate abactinal skeleton, often irregular, formed of 
small imbricating plates, bearing isolated or grouped spines. Disk sometimes large but 
usually small, with the rays elongate and often subcylindrical. With single interbrachial 
septa. Actinostomial margin defined by adambulacral plates. Ambulacral tube-feet 
biserial. Pedicellarize rarely present (only known in two genera) ; monomorphic ; never 
forcipiform. 


Subfamily 1. AcANTHASTERINE, Sladen, 1888. 
Echinasteridee with a large disk and numerous rays. Armed with large isolated spines 


covered with membrane beset with calcareous granules. Numerous madreporiform bodies. 
Forficiform pedicellariz present. 


Genus 1. Acanthaster, Gervais. 


Subfamily 2. Mirnropina&, Viguier, 1878. 


Echinasteridze with a small disk and usually five elongate rays. Armed with large 
spines beset with scales or asperities. One madreporiform body. No pedicellariz present. 


No interbrachial partitions. 
Genus 1. Mithrodia, Gray. 


Subfamily 3. Ecurnasterin&, Viguier, 1878. 


Kchinasteridee with a small or medium-sized disk and five or six rays. Spinulation 
small and simple; spinelets isolated or grouped. No pedicellarize present. 


Genus 1. Cribrella (Agassiz), Forbes. 
Genus 2. Perknaster, n. gen. 

Genus 3. Hehinaster, Miiller and Troschel. 
Genus 4. Plectaster, n. gen. 
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Subfamily 4. VaLvasTerIn&, Vicuier, 1878, 


Echinasteridze with moderately developed disk and five rays. Abactinal plates regu- 
larly disposed, bearing small isolated spinelets. Marginal plates with large valvate pedi- 
cellariz. Actinal intermediate plates bearing one or more large flattened spinelets. 


Genus 1. Valvaster, Perrier, 


For a Synopsis of the Subfamilies and Genera included in the Family Echinasteride, 
see p. 536, 


Family VII. Heirtasterip®, Viguier, 1878. 


Cryptozonate Asterids with largely developed disk and very numerous short rays. 
Abactinal skeleton reticulate, with plates bearing isolated or grouped spinelets, but never 
composite or paxilliform. With double interbrachial septa. Armature of the adambulacral 


plates simple, monacanthid. 
Genus 1, Heliaster, Gray. 


Family VIII. PepiceELLASTERIDs, Perrier, 1884. 


Cryptozonate Asterids with a small disk and narrow subcylindrical rays. Abactinal 
skeleton composed of narrow band-like plates, disposed longitudinally and transversely, 
forming wide quadrangular meshes. With short isolated spinelets at the decussations. 
Actinostomial margin defined by adambulacral plates. Ambulacral tube-feet biserial. 
Numerous large forcipiform pedicellariz. 


Genus 1. Pedicellaster, Sars. 


Family IX. AstEer1iIp&, Gray, 1840, emend. 


Cryptozonate Asterids with an irrecular or subreeular reticulate abactinal skeleton 
composed of {small unequal plates, which bear isolated or grouped spinelets. Actino- 
stomial margin defined by ambulacral plates. Ambulacral tube-feet quadriserial. Pedi- 
cellarize of two forms, forficiform and forcipiform. 

Genus 1. Asterias, Linné, 
Genus 2. Uniophora, Gray. 
Genus 8. Calvasterias, Perrier. 
Genus 4. Anasterias, Perrier, 
Genus 5. Pycnopodia, Stimpson. 
? Genus 6. Coronaster, Perrier. 
? Genus 7. Astrella, Perrier. 
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Remarks.—The genus Coronaster is referred by M. Perrier to the Brisingide, but I 
am unable to recognise in the description any characters to warrant that classification. I 
have therefore ventured to place it with doubt in this family. The description of Astrella 
is so very brief that I am unable to form any definite opinion as to the family to which it 
should be referred. Its position in the Asteriide can therefore only be considered pro- 
visional, until a complete description is published. The form described appears to be 
immature. Some of the characters mentioned by M. Perrier suggest at first the thought 
that the affinities of Astrella might be with the Archasteride, but the presence of the 
transverse ossicles between the adambulacral and marginal plates would seem to negative 
that view entirely. 

For a Synopsis of the Genera included in the Family Asteriide, see p. 560. 


Family X. Bristne1p#, Sars, 1875. 


Cryptozonate Asterids with numerous very elongate rays readily detachable from 
the disk. Marginal plates in part aborted altogether, elsewhere represented only by 
microscopic rudiments. Abactinal skeleton aborted or present only on the ovarial regions. 
Actinal intermediate plates altogether absent. Long lateral spinelets. Spinelets in sheaths 
crowded with pedicellariz. No interbrachial septa. 


Genus 1. Labidiaster, Liitken. 
Genus 2. Odinia, Perrier. 
Genus 3. Brisinga, Asbjornsen. 
Genus 4. Freyella, Perrier. 
Genus 5. Colpaster, n. gen. 
? Genus 6. Brisingaster, de Loriol. 
Genus 7. Hymenodiscus, Perrier. 
?Genus 8. Gymnobrisinga, Studer. 


Remarks.—I feel much doubt as to the generic validity of the three last-mentioned 
genera. J have therefore placed a query before each of them, pending the establishment 
of their independence as genera distinct from Brisinga. 

For a Synopsis of the Genera included in the Family Brisingide, see p. 589. 

The following Synopsis of the principal divisions of the Sub-class will bring the classifi- 
cation of the group into a compact form; it will also be useful in showing negative and 
antithetical characters not included in the foregoing diagnoses :— 


Synopsis of the Orders and Families of the Sub-class EUASTEROIDEA. 


I. Marginal plates large and highly developed in the adult. Papule restricted 
to the abactinal area, circumscribed by the supero-marginal plates. 
Ambulacral plates well spaced and usually broad. Actinostomial ring 
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with adambulacral plates a a Pedicellariz valvate, foraminate 
or excavate : . 5 : : : . 
_ A. Marginal plates large Aeal conan ronal with the axes of the plates of 
the two series usually in parallel planes. 

a. Apical plates decrescent. Abactinal skeleton with simple spini- 
ferous spicules, with pseudo-paxille, or true columnar 
paxille. Tegumentary developments usually spiniform. 

a. Marginal plates thin and lamelliform, naked, or covered only 
with membrane. Actinal areas paved with thin squami- 
form plates covered with delicate membrane. Cribri- 
form organs present. Adambulacral plates with a 
simple marginal armature, uniserial ‘ : 

b. Marginal plates thick and massive, covered with spines or 
papilla. Actinal areas small, plates when present 
covered with spines. No cribriform organs. Adam- 
bulacral plates with a complex armature, grouped or 
in several series, 

a Proctuchous. Devoid of superambulacral plates. Adam- 
bulacral plates large and not compressed. Pedi- 
cellariz usually present : : : 

B. Aproctuchous. With superambulacral lstees Adam- 
bulacral plates short, and more or less compressed. 
Pedicellariz rarely present . ; 

b. Apical plates often increscent. Abactinal skeleton dossellate. coe 
mentary developments usually graniform. Actinal inter- 
radial areas well developed. 

a. Abactinal skeleton tessellate, the plates often more or less 
tabulate, with co-ordinated granules simulating paxille 

b, Abactinal skeleton stellato-reticulate. 

a, Abactinal plates with granules and tubercles. Actinal 
intermediate plates with large valvate pedicellarie 

8. Abactinal plates with large conical spiniform tubercles. 
Actinal intermediate plates devoid of large valvate 
pedicellariz : 

c. Abactinal skeleton tessellate, the plates Steen regular mad 
only partially contingent, covered with skin : 

B. Marginal plates comparatively small and inconspicuous ; with the axes 
of the plates of the two series convergent and not in parallel 
planes. Abactinal skeleton with lamelliform plates, imbricating, 
notched on one side, with spines on the free margins. Spines on 
the actinal intermediate plates. No pedicellaria 

II. Marginal plates small and inconspicuous. Papule not confined to the area 
circumscribed by the supero-marginal plates, but often present between the 
marginal plates and on the actinal surface. Ambulacral plates more or less 
crowded and narrow. Actinostomial ring with ambulacral or adambula- 
cral plates prominent. Pedicellariz pedunculate or sessile, not foraminate 

A. Marginal plates small but persistent. Abactinal skeleton more or less 
fully developed. Parambulacral and actinal intermediate plates 
present; one or both more or less fully represented. Interbra- 
chial septa usually present. 
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Order PHANEROZONIA. 


PORCELLANASTERID2. 


ARCHASTERID &. 


ASTROPECTINIDA, 


PENTAGONASTERIDE. 


ANTHENEIDA, 


PENTACEROTIDA. 


GYMNASTERIID®. 


ASTERINID®. 


Order CRYPTOZONTA. 
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a. Abactinal skeleton tessellate, arranged in more or less regular lon- 
gitudinal series. With intra- and infra-marginal papule. 
Primary apical plates persistent in the adult. Marginal plates 
well developed and always contingent. 

a. Superambulacral plates usually present. Tegumentary develop- 
ments granulate. Pedicellarie (rarely present) ex- 
cavate 3 ¢ Q : 5 : 3 5 

6. No superambulacral plates. Tegumentary developments spi- 
nulate. Pedicellariz (forcipulate) pedunculate, 

a, Adambulacral plates unequal, alternate plates with promi- 
nent ridges. Adambulacral armature complex, poly- 
acanthid. Pedicellariz (forcipulate) pedunculate . 

f. Adambulacral plates small, equal, compressed, with no 
ridges. Adambulacral armature simple, diplacan- 
thid. Pedicellariw forcipiform and forficiform 

b. Abactinal skeleton reticulate, more or less irregular. With ‘or 
without intra- and infra-marginal papule. Primary apical 
plates aborted in the adult. Marginal plates feebly developed 
and often separated by intermediate plates. 

a. With no intra-marginal papule. Adambulacral armature pec- 
tinate. Abactinal skeleton with a more or less highly 
developed composite spinulation (subpaxilliform). 

a. With actinal intermediate plates more or less developed. 
Interbrachial septa present. No supradorsal mem- 
brane é c 5 - : ; : 

B. No actinal intermediate plates. No interbrachial septa. 
With a supradorsal membrane forming a more or 
less perfect nidamental cavity . ; ¢ : 

b, With intra-marginal papule. Adambulacral armature isolate 
or grouped, not pectinate. Abactinal skeleton with 
spinelets isolated or grouped, but never composite or 
paxilliform. 

#, With double interbrachial septa 

8. With single interbrachial septa. 

i, Actinostomial ring with adambulacral plates promi- 
nent. Ambulacral tube-feet biserial. 

1. Pedicellarie rarely present, never forcipiform. 
Abactinal skeleton forming an irregular 
meshwork : - : . 
2. With forcipiform pedicellarie. Abactinal skele- 
ton forming a regular quadrangular mesh- 
work : c 2 : c : 
ii, Actinostomial ring with ambulacral plates promi- 

nent. Ambulacral tube-feet quadriserial 
B. Marginal plates in part aborted altogether, elsewhere represented only 
by microscopic rudiments. Abactinal skeleton aborted, or present 
only on the disk and ovarial regions. Parambulacral and inter- 
mediate actinal plates altogether absent. No interbrachial septa. 

Spinelets in sheaths clothed with pedicellariz 


Linckp2. 


ZOROASTERIDE. 


STICHASTERID&. 


SOLASTERID&, 


PTERASTERIDE. 


HELIASTERIDZ. 


EcHINASTERIDS. 


PEDICELLASTERIDE. 


ASTERIIDE. 


BRISINGID2. 


DESCRIPTION OF GENERA AND SPECIES. 


Crass ASTEROIDEA. 
Sub-class HUASTEROIDBEA, Sladen, 1886. 
Order PHANEROZONITA, Sladen, 1886. 


Family ARCHASTERID& (Viguier, 1878), emend. Sladen, 1886. 


This family was first established by Viguier,! and comprised in his estimation the 
single genus Archaster of Miller and Troschel, to which at that date about twelve species 
were referred. Viguier, however, appears to have only had the opportunity of examining 
specimens of three or four of these, and the two species, Archaster typicus, M. and T., 
and Archaster angulatus, M. and T., were the forms taken by him as typical, and from the 
study of which the characters of the family were formulated. The genus Archaster was 
first established by Miiller and Troschel,’ for the reception of the two species named by 
them Archaster typicus and Archaster hesperus. Other species were subsequently 
referred to the same genus, though many are so widely different that latterly Archaster 
might well lay claim to be considered as the “refuge for the destitute!” It is scarcely 
exaggeration to say that most of the long-rayed Phanerozonate Asterids that could not 
immediately be ranked either as Pentagonaster on the one hand or Astropecten on the 
other, were at once set down as Archaster! Amongst the Starfishes thus disposed of 
were several deep-water forms, and a number of those recently discovered were temporarily 
relegated in like manner to Archaster at the time they were taken, and before the species 
were systematically described. In this way Archaster, and consequently the Archasteride, 
have come to be spoken of as characteristic abyssal forms. 

I have considered it desirable, for reasons explained in their proper place, to divide 
the species that have hitherto been called Archaster into several genera, and some of 
these it has been necessary, on account of their structure, to remove from the family 
Archasteridz altogether. The establishment of several new genera has likewise been 
requisite for the reception of new types. Amongst the series of allied genera that 
constitute in my classification the family Archasteride, the genus Archaster as now 
limited is in many respects a very divergent form, and is certainly not the one which I 

1 Archives de Zool. expér., 1878, t. vii. p. 235. 
2 Monatsber. d. k, Akad. d. Wiss. Berlin, April 1840, p. 104. 
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should have chosen as the type of the family. From the fact, however, that the name 
has already passed into general use, and that a number of the deep-sea forms have been 
understood, at least conventionally, as belonging to that family, the designation has had 
a significance given to it beyond the scope of special students of the Asteroidea. Under 
these circumstances it seems to me better to avoid confusion by retaining the name of Archas- 
teride, than to give a new family name based on a genus that would be more generally 
typical of the group as a whole; though the latter course would have been undoubtedly 
preferable if the considerations I have mentioned above had not stood in the way. 

The following tabular arrangement will show the relations of the genera herein 
described, which are now classed in the family Archasteride; and also the four sub- 
families into which they are naturally divisible. 


Synopsis of Genera included in the Family ARCHASTERID&. 


A. No definite medio-radial line of abactinal plates. 
a. Papule confined to a limited area at the base of the ray. Marginal 
plates more or less alternate. Actinal intermediate plates 


absent or very few in number ¢ : : . PARARCHASTERINZ. 
a. With large odd interradial marginal plate aad spine. No true 
paxillz. Spicule bearing platesonly. Nospecialpapularorgan . - Pararchaster. 
6. No odd interradiai plate. True paxille. Special papular organ . ; Pontaster. 
b, Papule distributed over the whole abactinal area. Marginal plates 
opposite. Actinal intermediate plates well developed =. . PLUTONASTERINZ. 


a. Marginal plates more or less equally developed in each series. 
#, Supero-marginal plates thin and plate-formed; con- 
fined to the lateral wall; armed with a spine. No 
order of abactinal plates. Pedicellarie present . : Dytaster. 

6. Supero-marginal plates thick and massive, extending 
more or less on abactinal surface ; usually un- 
armed. Abactinal plates along the margin of 
the ray in more or less definite transverse series. 

No pedicellarie . : : ‘ ; : ; ; Plutonaster, 

b. Supero-marginal plates almost aborted. : ; : f : Lonchotaster. 

GB. With a definite medio-radial line of abactinal plates. 

a. Abactinal plates arranged in longitudinal series parallel to the 
median series. No internal imbricating ridges. Actinal inter- 


mediate plates well developed. No pedicellarie . 5 . PSEUDARCHASTERINE. 
a. Adambulacral armature : furrow series radiating, subpalmate ; 
actinal spines in a co-ordinated group. : : 5 Pseudarchaster. 
b, Adambulacral armature in longitudinal series parallel to the 
furrow. Post-adambulacral plates with fascioles . : : Aphroditaster. 


b. Abactinal plates in oblique transverse rows on each side of the 
median series. With special internal imbricating ridges. 
Actinal intermediate plates aborted or very few in number. 
Pedicellariz present . : . ARCHASTERINZ. 
a, Adambulacral armature Aeiopeceaoidl th Bbigue odie 
series. Flattened squamiform spinelets on infero-marginal 
plates . : : : é 5 : ; : : e Archaster. 
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In this family will also be included the genera Benthopecten of Verrill,’ Cheiraster of 
Studer,’ and, according to their distinguished author, perhaps also Blakiaster, Perrier,’ 
and Goniopecten, Perrier.* 

The diagnosis of Benthopecten is too brief even to indicate with certainty the sub- 
family to which it belongs. 

Cheiraster probably finds its nearest ally in Pontaster, but is widely separated from 
that type by the truly remarkable position of the generative organs, which are said to 
be confined to the outer half of the ray in the form of a pair of long bands—an abnormal 
structural character, which is certainly not present in Pontaster. The polygonal plates of 
the paxillee are likewise different. This position of the genitalia is so unusual that I 
should have been disposed to regard it as an error of observation had it been recorded by 
a less experienced and careful anatomist than Professor Studer. 

Blakiaster is placed by Perrier in the family Archasteridze, and it is on his authority 
that I now include it, for unfortunately both the description and the figure convey only a 
very imperfect idea of the structural and genetic characters of the form. It appears to be 
remarkably Astropecten-like in many respects, and it might ultimately turn out to belong 
to the family to which that genus gives the name. In fact J rather suspect that such will 
be the case, from the presence of the series of small plates intervening between the infero- 
marginal plates and the adambulacral plates; and Perrier’s remark, “ L’anus n’est pas 
distinct,” seems to point in the same direction. 

Gonopecten, as far as I can judge from the characters described—which are chiefly 
specific rather than generic—will probably be included in the subfamily Plutonasterine, 
one of the species approaching in many respects Plutonaster; but whether all the 
species can be retained in the one genus is somewhat doubtful. A more exhaustive 
study of their real structural characters might, however, place the group of species as a 
distinct subfamily of Archasteridaee—to be called the Goniopectinine. 

M. Perrier seems to have had much doubt as to the classificatory position of Gonio- 
pecten, as in the Liste Méthodique (Nouv. Arch., pp. 166-169) that genus is ranked in 
a distinct family, Goniopectinide, in the order “Stelleridz valvulate” (loc. cit., p. 168) ; 
whilst in the description of the species on p. 249 the genus Goniopecten is removed to 
the order “Stelleridze paxillosz,” and is there placed in the family Archasteridx. No 
explanation of this discrepancy is given. With this conflict of opinion on the part of the 
author, and only an imperfect generic diagnosis as a guide, it is obviously impossible at 


1 Amer. Journ. Sci. and Arts, Sept. 1884, vol. xxviii. p. 218. f 

2 Sitzungsber. naturforsch. Freunde Berlin, 16. Oct. 1883, p. 130; Anhang 2 d. Abhandil, d. hk. 
preuss. Akad. d. Wiss. Berlin, vom Jahre 1884, p. 49, Taf. iv. figs. 8, a, b, c; Taf. v. figs. 9, a, 0, ¢, d, e 

° Bull. Mus. Comp. Zovl., 1881, vol. ix. p. 28; Nouv. Archives Mus. Hist. Nat., 2e Série, 1884, t. vi. p. 
265, pl. ix. fig. 2. 

* Bull. Mus. Comp. Zoil., 1881, vol. ix. p. 24; Nouv. Archives Mus. Hist. Nat., 2e Série, 1884, t. vi. 
p. 249, pl. iv. figs. 4 and 5; pl. v. figs. 3 and 4; pl. vii. figs. 1 and 2. 
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present to arrive at a definite decision as to the true position of Goniopecten. The diffi- 
culty is further increased by Perrier himself remarking on the interesting link afforded 
by this form between Astropecten and the Pentagonasteride (oc. cit., pp. 166, 250). 

Whilst refraining from criticising in any carping spirit Studer’s excellent description 
of Inidiaster,* which is stated by him to be an aproctuchous form with aborted supero- 
marginal plates, and ranked accordingly amongst the Astropectinide, I cannot escape 
from a strong suspicion, aroused by the consideration of the general characters of this 
interesting asterid, that when a further supply is available for study the genus Luidiaster 
may also find a place in the family Archasteridz, The absence of the superambulacral 
plates (‘‘epiambulacral ” of Studer) is in direct support of this view. It would be inte- 
resting to know whether the papule are distributed over the abactinal surface or limited 
to special areas at the base of the rays. The general facies of the form leads me to infer 
that the latter will probably be the case, although this inference is purely conjectural, 
for I have no positive basis on which to make such a generalisation. 


Subfamily PararcHAsTERIN#&, Sladen, 1886. 
Genus Pararchaster, Sladen. 
Pararchaster, Sladen in Narr. Chall. Exp., 1885, vol. i. p. 610.* 

Disk small. Rays very long, tapering, and flexible. 

Marginal plates suboval or triangular, elongate in the direction of the ray, confined to the 
margin of the ray, the two series alternating more or less, Each plate with a prominent boss. 
Supero-marginal plates with one long cylindro-conical spine, and sometimes a companion 
present. Infero-marginal plates with one or more similar spines. The general surface of the 
plates of both series is nominally naked, or only with minute isolated spiniform thornlets. 

A large odd interradial plate is present in both marginal series, the superior one with 
a prominent boss and a very large spine at the summit of the interbrachial are. 

Abactinal area with squamiform plates covered with skin, bearing one to three or 
more spicules or minute spinelets. No true paxille. No definite order of arrangement. 
Papule confined to an area at the base of the ray. 

Actinal interradial areas with very few intermediate (ventral) plates. In some cases 
these are apparently wanting altogether; and are generally absent in young forms. 

Armature of adambulacral plates consisting of :—(1.) a semicircular furrow series of 
small uniform spines, radiating fan-like; and (2.) one or more large conical outer spines 
on the actinal surface. 

Madreporiform body close to the odd interradial marginal plate. 

Peculiar comb-like pedicellarize frequently present. 


1 Sitzungsb. naturf. Freunde Berlin, 16. Oct. 1883, p. 131; Anhang z. d. Abhandl. d. k. preuss. Akad. d. 
Wiss. Berlin, vom Jahre 1884, p. 46, Taf. iv. figs. 7, a, b, c, d. 
2 The Notes published in the “ Narrative” of the voyage were in type in July 1884. 
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Genital foramina opening upon the abactinal surface close to the marginal plates on 


each side of the odd interradial plate. 

Remarks.—The genus Benthopecten, recently described by Verrill,) is stated to be fur- 
nished with abactinal plates covered with skin, usually bearing a single spine or sometimes two 
or three, but not forming true paxille. This character would seem to indicate an alliance 
with Pararchaster ; but from the brevity of the description I cannot say whether this be 
near or remote, and I am for the same reason unable to indicate in the foregoing synoptic 
table the relative position of the genus in the family. No mention is made of the presence 
of any odd interbrachial marginal plate and spine, or of the limitation of the papule to 
the basal region of the rays,—characters which are so conspicuous in Pararchaster, and 
whose importance from a structural point of view could scarcely have been overlooked by a 
naturalist so well acquainted with starfish anatomy as Professor Verrill, had they been 
present in Benthopecten. Furthermore, no mention is made of the presence of any pedi- 
cellarian apparatus. On the other hand it is recorded that “a circle of four to six papille, 
placed singly, surrounds each plate.” If the word “papillee” here stands for the organs 
which I call papule (following Stimpson), it would appear extremely doubtful whether 
Benthopecten would find a place even in the same subfamily as Pararchaster. 

The subjoined scheme will assist in the ready recognition of the different species of the 


genus. 


Synopsis of the Species included in the Genus Pararchaster herein described. 


A. No pedicellariz of any kind. Single spinelets on the abactinal plates. 
a, Abactinal area of disk plane. One supero-marginal spine. Adambulacral 
plates with two actinal ae No line of thornlets on the infero-mar- 
ginal plates ‘ : j . : : 5 semisquamatus. 
b. Abactinal area of disk inflated. T wo supero- praieaall spines. Adambulacral 
plates with three actinal spines. <A line of thornlets on the infero-mar- 
ginal plates : : antarcticus, 
B. With special comb-formed pedicellarize, Abactinal plates with one to three or 
more spinelets. 
a, With pedicellariz between each infero-marginal plate. e : “ pedicifer. 
b. With no pedicellariz between the infero-marginal plates. 
a. One lateral spine on infero-marginal plates and a small companion. 
Adambulacral plates with six or seven furrow spines, one 
actinal and sometimes a small companion behind it. Abac- 
tinal plates with one or two spinelets, all simple. Comb-like 
pedicellariz on the abactinal surface : : : armatus. 
b. Three or four lateral spines on infero-marginal pees Adambulacral 
plates with four furrow spines, and two actinal side by side, 
Abactinal plates with several long needle-like spinelets inter- 
spersed amongst the simple ones. No comb-formed pedicel- 
lari on the abactinal surface . : : c c : : spinosissimus. 


1 Amer. Journ. Sct. and Arts, Sept. 1884, vol. xxviii. p. 218. 
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The asterid obtained during the “‘ Blake” dredgings and described by Perrier* under 
the name of Archaster simplex, is without doubt a Pararchaster. It is, however, an 
immature form, and I am unable to say from the description given whether it belongs to 
an independent species or is the young of one of those herein described. The figure 
given? is altogether unlike the smallest example of Pararchaster armatus in the character 
of the armature both of the adambulacral and infero-marginal plates, and this appears to 
be the only form with which a direct comparison can be instituted. The description is 
too short to render any assistance in this case. 


Chorology of the Genus Pararchaster. 


a, Geographical distribution :— 


Atiantic: Three species between the parallels of 50° N. and 10°S 


Pararchaster armatus and Pararchaster semisquamatus, var. 
occidentalis, off the coast of North America. Pararchaster armatus 
is also found off the coast of Portugal. Pararchaster spinosissimus 
off the Island of Ascension. 


Pactric: One species between the parallels of 30° and 40° N. 


Pararchaster senusquamatus, south of Japan. 


SouTHERN OcEANn: Two species between the parallels of 30° and 70° S. 
Pararchaster pedicifer between the Cape of Good Hope and 
Kerguelen Island. Pararchaster antarcticus in the region of the 
Antarctic Circle, near the meridian of 80° E. The latter species is 
nearly allied to a species in the North Atlantic and also in the North 
Pacific. 


8. Bathymetrical range: 425 fathoms to 1900 fathoms. 

All the species excepting one (Pararchaster spinosissimus) belong to the 
Abyssal zone. ‘Two species only (Pararchaster spinosissimus and Pararchaster 
semisquamatus) occur in depths less than 1000 fathoms. 

Greatest range of one species: Pararchaster semisquamatus, 565 to 1875 
fathoms. 

y. Nature of the Sea-bottom: Three species, viz., Pararchaster semisquamatus, 
Pararchaster antarcticus, and Pararchaster armatus, on Blue mud; and 
Pararchaster semisquamatus is also found on the Green mud in 565 fathoms. 
Pararchaster pedicifer on Diatom ooze and Globigerina ooze ; and Pararchaster 
spinosissimus on Volcanic sand in 425 fathoms. 


1 Bull. Mus. Comp. Zodl., 1881, vol. ix. p. 28; Nouv. Archives Mus. Hist. Nat., 1884, 2e Sér., t. vi. p, 264. 
2 Loe, cit. pl. i. fig. 8. 
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Chorological Synopsis of the Species. 


| 
Ocean, Range in Fathoms. Nature of the Sea-bottom. | 
Pararchaster armatus?. : Atlantic. |} 1250to 1350 | Blue mud. 
Pararchaster antarcticus : Southern Ocean. 1675 Blue mud. 

Me f Diatom ooze (1600 fathoms), | 
Pararchaster pedicifer . : Southern Ocean. 1600 to 1900 | Globigerina ooze (1900 fthms). | 

. ; { Green mud (565 fathoms). 

Pararchaster see rays 7 Pacific. 565 to 1875 ) Blue mud (1875 fathoms). 
LEGIREEOLSUE CUDA TEEN vate 1700 or 1240 | Blue mud. | 
var. occidentalis. a | | 
Pararchastér spinosissimus . Atlantic. 425 Volcanic sand. | 
| 


1. Pararchaster senisquamatus, n. sp. (Pl. II. figs. 1 and 2; PL IV. figs. 7 and 8). 


Rays five. R=166mm.;7=15mm. R=11,7. Breadth of a ray near the base, 
14°5 mm. 

Rays very elongate, comparatively narrow and flat, tapering gradually and slowly 
from the base to the extremity, the outer part being very attenuate. Disk very small. 
Abactinal surface plane, feebly convex or subcarinate along the median line of the rays. 
Lateral walls of the ray low and vertical. Actinal surface of the disk prominent at the 
mouth-angles, and sloping thence to the margin and very slightly along the rays. Inter- 
brachial ares widely rounded. 

The abactinal surface of the disk and rays is covered with small, uniform, subcircular 
seale-like plates, which are overlaid with a delicate membranous tissue. The plates bear 
on their centre a single minute subconical or cylindrical spinelet ; along the rays these are 
quite microscopic thornlets, but upon the disk and at the base of the rays there are a 
number of much larger spinelets; the largest are elongate, about 7 to 8 mm. in length, 
robust, tapering, and sharply pointed, and their position probably marks the primary 
apical plates; the primary radials and basals being especially distinguishable, and perhaps 
also the dorso-central and the under-basals; other spinelets rather smaller are present in 
the vicinity of these, but they rapidly decrease in size as they recede from the central 
area; and really definite spinelets do not extend further along the base of the ray than 
the third or fourth supero-marginal plate. 

The supero-marginal plates, fifty-five in number from the median interradial line to 
the extremity, are elongate and suboval in form, and are confined entirely to the lateral 
wall of the ray; their posture appears slightly oblique when viewed from the side, the 
aboral end of one plate standing over the adoral end of the next outward; their height is 


1 The exact station off the coast of Portugal is not recorded. 
2 It is uncertain whether this species is from Station 44 or Station 45. 
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, Jess than half their length; and the upper margin only of the plate forms the boundary 
of the abactinal surface of the ray. On the centre of each plate is a large well-defined 
‘ tubercle, on which is articulated a robust, cylindrical, tapering spine, the ninth from the 
interradial line being about 8 mm. in length. The surface of the plate is covered with 
membrane and bears no spines, excepting occasionally a minute thorulet, irregularly 
placed near the base of the large spine. 

In the median interradial line there is one large odd supero-marginal plate, developed 
abactinally into a prominent, truncate, conical tubercle, upon which is borne a powerful 
robust spine about 8 mm. in length, directed vertically, and thicker than any of the other — 
spines on this species. 

The infero-marginal plates are similar in form and character to the superior series, 
each being nearly exactly beneath its corresponding upper companion. Like them, each 
has a prominent tubercular eminence, upon which is borne a straight, robust, tapering, 
and sharply-pointed spine, the sixth or seventh from the interradial line measuring about 
10 mm. in length; the length decreasing slightly as they proceed along the ray. A 
second similar but rather smaller spine, articulated on a tubercle, stands close to the 
lateral spine on the inner side. The surface of the plate is covered with membrane ; 
and two or three irregularly placed microscopic thornlets may be present. On the two or 
three innermost plates on each side of the median interradial line, the lateral spines 
and their companions are greatly reduced in size, being little more than mere miliary 
spinelets. 

In the interbrachial arcs, the marginal plates have the appearance of being brought 
over upon the disk; and their surface forms a peculiar bevelled area sloping outwards 
and downwards, the lower margin only of the infero-marginal plates falling in the outline 
of the interbrachial are. 

The adambulacral plates are large and massive, of great breadth, and rather broader 
than long, They are comparatively widely separate, and the interspaces are filled up with 
ligament; the furrow margin is slightly convex. Their armature consists of :—(1.) a 
furrow series of five very small, short, equal, cylindrical, obtusely pointed spinelets, which 
radiate apart and form a small isolated semicircular comb directed over the furrow, the 
successive combs being well spaced apart. (2.) On the actinal surface of the plate are 
two large, robust, tapering, but obtusely pointed spinelets, placed one behind the other, 
which are subequal in length, or occasionally the outermost is the longest ; this measures 
4 mm. on the sixth or eighth adambulacral plate, the longest spinelets of the furrow 
series not exceeding 1 mm. One minute thornlet usually stands on the adoral side of the 
outer of the two superficial spines; no other spinelets are present, and the surface of the 
plate is covered with a membranous tissue. The ambulacral furrows are comparatively 
widely open. The tube-feet are large, and have a rounded, well-developed, knob-like 
termination, 
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The mouth-plates are large, prominent, and convex actinally, presenting a broad and_, 
rounded, but centrally rather flattened, margin towards the actinostome ; and the median 
suture of the pair is imperfectly closed. Their armature consists of a marginal series of - 
five mouth-spines on each plate, the innermost one being twice or three times as long and 
robust as the others, which are subequal and rather widely spaced. On the actinal surface 
of each plate are three (or sometimes only two) robust tapering spinelets, standing wide 
apart and forming a line parallel to the median suture; these do not appear to attain 
the size of the superficial actinal spinelets on the adambulacral plates. The surface of 
the plates is covered with membrane, and no other spinelets are present. 

The actinal interradial areas are of very small extent, and do not reach beyond the 
fifth adambulacral plate. The size and number of the intermediate or ventral plates is 
undeterminable in spirit specimens on account of the membrane with which they are 
overlaid. So far as can be judged, they appear to be comparatively large, and are 
certainly few in number. A few of these bear one, or occasionally two, small spinelets 
1°5-2 mm. in length. 

The anal aperture is subcentral but indistinct, surrounded by large spinelets. 

The madreporiform body, which is large and oval, is situated midway between the 
centre of the disk and the odd interradial supero-marginal plate. Its surface is slightly 
convex, finely grooved with numerous highly convoluted striation furrows, and has on 
that account a remarkable resemblance to the “brain” coral. Several large spinelets 
surround its margin, the largest being at its adcentral end. 

The papulz are very small and numerous, but confined to an area at the base of the 
rays, which does not extend beyond the fourth supero-marginal plate. The area occupies 
nearly the whole breadth between the supero-marginal plates, and extends well upon 
the disk, but no papule are present along a broad band which traverses the median 
interradial line. 

No pedicellarize of any kind are found upon this species. 

Colour in alcohol, a dirty bleached ashy grey. 

Individual Variation.—There is a fragmentary specimen from Station 235, in a very 
bad condition, of a much smaller example than the type above described, in which the 
spines of the actinal surface generally are proportionately much more delicate. From 
their length and character, I am disposed to consider this a feature of individual or even 
locational variation, rather than a phase of growth; a remark, however, which is merely 
conjectural, for its validity could only be proved by the examination of a large series of 
specimens. 

Localities. —Station 237. Off the coast of Japan, south of Kawatsu. June 17, 1875. 
Lat. 34° 37’ 0” N., long. 140° 32’ 0” E. Depth 1875 fathoms. Blue mud. Bottom 


temperature 35°°3 Fahr.; surface temperature 73°0 Fahr. 
(ZOOL. CHALL. EXP.—PART LI.—1887.) 


bo 
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Station 235. Off Japan, south of Omae saki. June 4, 1875. Lat. 34° 7’ 0” N., long. 
138° 0’ 0” E. Depth 565 fathoms. Green mud. Bottom temperature 38°'1 Fahr.; sur- 
face temperature 73°°0 Fahr. 

Remarks.—Pararchaster semisquamatus and Pararchaster antarcticus are readily 
distinguished from the other species of the genus by the absence of pedicellaria and the 
simplicity of the spinulation of the abactinal plates. The differences between the two 
forms are discussed in detail in the description of Pararchaster antarcticus. 

If these two species and the variety are viewed together as an independent or spe- 
cially characterised type of the genus, their distribution is very remarkable and instruc- 
tive, Pararchaster semisquamatus of the North Pacific being represented by a variety in 
the North Atlantic, whilst the closely-allied species Pararchaster antarcticus, from the 
Southern Ocean, presents some of the characters of the typical or Pacific form of Parar- 
chaster semisquamatus, as well as some of those of its Atlantic variety occidentalis. 


‘la. Pararchaster semisquamatus, var. occidentalis,. nov. 


There is a single specimen from the western side of the North Atlantic, off 
the east coast of North America, which, although agreeing in a remarkable way in all 
essential points with the type just described, presents a number of variations which 
render it worthy in my opinion of nominal recognition,—in fact, it may ultimately prove 
to be a distinct species. At present, however, I hesitate from according it that rank on 
the slender evidence of a solitary and imperfect specimen, although the widely separated 
geographical position of the two dredging stations would certainly favour the adoption of 
such a course. 

The two forms are almost exactly of the same size. In the Atlantic example—the 
variety under notice—the spines on the supero-marginal plates are distinctly thicker and 
more robust at the base, whilst those on the infero-marginal plates are relatively smaller 
than in the Pacific form (the type). The two large spines on the actinal surface of the 
adambulacral plates are also smaller and shorter. On the abactinal surface the single 
minute thornlet which springs from the centre of the abactinal plates is distinctly shorter 
and thicker—a circumstance which gives at first sight a finely tuberculate character to 
the abactinal area when viewed from above. The large spines in the central region of the 
disk are smaller and much less numerous than in the Japanese form, and do not extend 
to the base of the rays. The lateral wall at the summit of the interbrachial are is much 
less bevelled towards the abactinal surface of the disk, and the marginal plates do not bend 
over so conspicuously as in the type figured. The infero-marginal plates appear propor- 
tionately smaller in their transverse dimensions; and the marginal or furrow series of 
spines on the adambulacral plates are slightly more delicate and elongate. The roughen- 
ing of the surface of the large spines on the marginal plates and elsewhere is more 
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conspicuous and decided in the variety. The madreporiform body has not the slightly 
convex character noticed in the type, and less convolution is present in the striations, 
which have a more or less regular appearance of centrifugal radiation. The tube-feet 
have a smaller terminal knob. 

Locality —Station 44 or 45. Off the coast of North America, east of Delaware and 
Maryland. 

Station 44. May 2, 1873. Lat. 37° 25’ 0” N., long. 71° 40’ 0” W. Depth 1700 
fathoms. Blue mud. Bottom temperature 36°:2 Fahr.; surface temperature 56°°5 Fahr. 

Station 45. May 3, 1873. Lat. 38° 34’ 0” N., long. 72° 10’ 0” W. Depth 1240 
fathoms. Blue mud. Bottom temperature 37°°2 Fahr.; surface temperature 49°5 Fahr. 


2. Pararchaster antarcticus, u. sp. 

This species is very closely allied to the preceding one, and it is not without some 
hesitation that I have ventured to place it as distinct, for unfortunately only two 
examples were obtained, one much broken and imperfect, the other immature. The 
former of these is consequently the only one available for comparison with the preceding 
species, and this it resembles so much in general character that I have not considered it 
necessary to give drawings of the mutilated specimen. 

The form is smaller than Pararchaster semisquamatus, its minor radius measuring 
11°5 mm, (All the rays are imperfect, and from what remains they appear to have been 
probably shorter and more tapering than in that species.) The abactinal area of the disk 
is slightly inflated and convex, instead of flat, and the general character of its spinulation 
accords much more closely with that of Pararchaster semisquamatus, var. occidentalis, than 
with the type-form of that species. ‘The large spines upon the disk are confined entirely 
to the central area, and not many more than those on the basal, radial, under-basal, and 
dorso-central plates are present. The single central spinelet on the abactinal plates along 
the ray is short, robust, and subconical, and the plates appear comparatively larger in 
proportion to the size of the animal than in Pararchaster semisquamatus. The lateral 
walls at the summit of the interbrachial are are vertical, and do not bend over to form a 
bevel on the abactinal surface. The lateral walls generally along the ray are low, giving 
the ray a very flat appearance. The supero-marginal plates beyond the sixth (from the 
odd median interradial plate) bear two spines side by side, which may be either equal or 
one less than the other; and even in those plates where this second spine is not present 
in the form of a definite large spine, it is represented by a small mihary spinelet, and of 
these there may also be one or more additional on the plates which bear the two large 
marginal spines. On the actinal surface of the adambulacral plates three large spines 
are not unfrequently present. On the surface of the infero-marginal plates, and parallel 
to the upper adoral sloping margin, is a lineal series of three to five small thorn-like 
denticles or spinelets, which, although sometimes less conspicuously marked, are still a 
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very striking feature when this form is compared with Pararchaster semisquamatus. The 
spinulation of the actinal surface is rather short and robust, and the spinelets which form 
the furrow series on the adambulacral plates are distinctly more cylindrical and robust, and 
show less tendency to radiate apart. The tube-feet have large, well-developed, button-like 
knobs at their distal extremity. The madreporiform body is large and oval, with much- 
convoluted striations. 

Although this and the preceding species conform so closely in their general structure, 
the variations mentioned above, although slight when taken singly, seem to constitute an 
assemblage of characters which mark off this form specifically from Pararchaster semi- 
squamatus. This view is strengthened by the fact that the characters are either indicated 
or present in the young form. 

Young Phase.—A small example measuring only R= 20 mm., 7 = 4 mm., may be 
referred without hesitation to this species, so well are several of the characters noticed 
above as distinguishing the species indicated even at this early stage. The disk is slightly 
inflated, especially in the radial regions, and there are not more than about a dozen of the 
large spines in the central area, belonging to the primary apical plates. One or two small 
thornlets accompany the supero-marginal spine, although the largest of these latter is not 
more than 1°5 mm. in length. On the infero-marginal plates there is as yet only one true 
infero-marginal spine, but on each side of this and slightly below, there is regularly 
present a short thorn-like denticle or spinelet, and there is usually another above or beside 
it on the aboral side. The adambulacral plates have three spinelets on the furrow margin 
(occasionally four near the mouth), and two large spines on their actinal surface. The 
tube-feet have a large and well-developed terminal knob-like extremity. No actinal inter- 
mediate (ventral) plates are present. ‘The madreporiform body is small, subcircular, slightly 
convex, and situated nearly midway between the centre of the disk and the margin : its 
surface is deeply fissured by a few coarse, convoluted striations. The anal aperture is distinct 
and a little excentral, z.e., to the side of the dorso-central plate. Three moderate-sized - 
spinelets stand round its margin. I have not been able to detect any papulz in this example. 

Colour in alcohol, a bleached yellowish white, with a slight brownish or warm ochre 
shade on the abactinal area of the disk. 

Locality.—Station 153. In the Southern Ocean, amongst the pack ice, close to the 
Antarctic Circle. February 14,1874. Lat. 65° 42/0” S., long. 79° 49’ 0” E. Depth 1675 
fathoms. Blue mud. Surface temperature 29°°5. Fahr. This was the most southern 
dredging station during the expedition. 


3. Pararchaster spinosissimus, n. sp. (Pl. I. figs. 1 and 2; Pl. IV. figs. 1 and 2). 


Rays five R= 66 mm.;r=7:5—8 mm. R >8r. Breadth of a ray near the 
base, 7°5 mm, 
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Rays elongate, delicate and attenuate, at first diminishing rather rapidly in width 
from the base, and then tapering gradually to the extremity. Their flexibility is great, 
the outer portion being usually recurved abactinally and curled up. The lateral walls are 
vertical, and the rays nearly rectangular in section. Disk small. Abactinal surface flat, 
highest over the disk and sloping thence along the rays. Actinal surface level, slightly 
rounded at the margins. Interbrachial arcs wide and well rounded. 

The abactinal surface of the disk and rays is covered with small spicules overlaid with 
a delicate membranous tissue, and the majority bear a small but rather elongate, delicate, 
tapering, hair-like spinelet, with several minute cilia-like miliaries at the base. The 
central spines, as indeed the spinulation generally, diminish in size as they recede from 
the disk. Their delicacy on the disk is very remarkable. To a certain extent these 
spine-groups simulate paxillee, but only very superficially ; their structure and character 
being altogether different. 

The supero-marginal plates, fifty-three in number from the median interradial line to 
the extremity, are elongate and confined to the lateral wall of the ray, their upper surface, 
which is bevelled and arched, forming a very narrow border to the abactinal area. Ina 
few of the plates on the inner part of the ray the height is slightly greater than the 
length, but this proportion is soon reversed, and the length is the greater dimension along 
the rest of the ray. Each plate bears a convex elevation or low tubercule, upon which is 
articulated an elongate, delicate, tapering, and sharply pointed spine, the fourth or fifth 
from the median interradial line being the longest, measuring about 5 mm. in length ; 
and they decrease gradually in length as they proceed along the ray. There are generally 
a few short, hair-like spinelets at the base of this spine, and a few widely spaced conical 
pointed granules on the surface of the plate, in the lateral or vertical wall of the ray. 
Midway on the ray and towards the extremity the supero-marginal plates have quite the 
appearance of tubercles on rounded bases, when viewed abactinally and slightly obliquely. 
The general surface of the plate is covered with a thin membrane. 

In the median interradial line is a high odd supero-marginal plate prominently 
tubercular abactinally, upon which is borne an elongate, tolerably robust, tapering and 
sharply pointed spine, about 8 mm. in length, directed vertically. At the base of this 
spine are a few short, hair-like spines, and a few conical thornlets traverse the median 
area of the surface of the plate which falls in the vertical wall. 

The infero-marginal plates have a tendency to alternate with the superior series. Each 
plate bears a row of three, or sometimes four, very delicate, hair-like, tapering spinelets, 
along its median transverse line ; the uppermost or lateral spine is much more delicate and 
slightly shorter than the long spine on the supero-marginal plates, and the other spinelets 
decrease in size as they recede from the lateral; in addition to these there are several very . 
delicate small hair-like spinelets upon the plates, and it is frequently difficult to distinguish 
between them and the main series just mentioned. A few miliary thornlets are also 
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present. With this armature the plates have a very echinulate appearance, and the 
delicacy of the spinelets is remarkable. 

In the median interradial line is a high odd infero-marginal plate immediately below 
the odd supero-marginal plate. It bears a series of small delicate spinelets along its 
median vertical line. 

The adambulacral plates are small, with their length equal to, or slightly greater than, 
their breadth. They are rather widely separate, the intermediate space being filled in 
with ligament; and there is a convex or subangular margin towards the furrow. Their 
armature consists of :—(1.) a furrow series of three or four small cylindrical spinelets 
forming an isolated little hand-like comb on the projecting margin; the fourth or aboral 
spinelet is often very small, and often absent altogether. (2.) On the actinal surface of 
the plate are two much longer delicate cylindrical spines, usually placed side by side, but 
sometimes more or less oblique, the adoral spine being rather more outward in its position 
than its companion. Occasionally a minute miliary thornlet may be present near the 
adoral and outer margin of the plate, but there are no other spinelets present. The 
actinal spines measure about 2 mm. in length near the base of the ray, and the marginal 
or furrow series are normally less than half this length. 

The mouth-plates are large, and the united pair are broad, convex actinally, and with 
a prominent free margin towards the actinostome, its outline being more than a semicircle, 
and slightly flattened anteriorly. The armature consists of a marginal series of eight small 
cylindrical spinelets on each plate, the two innermost being longer and more robust than 
the others; the four innermost on each plate stand parallel to one another and are 
directed horizontally towards the centre of the actinostome. On the actinal surface of the 
plate are three or four cylindrical tapering spinelets more robust than the actinal spinelets 
on the adambulacral plates, arranged rather wide apart, and sometimes rather irregularly, 
in a line parallel to the median suture; and one or sometimes two similar and equal 
spines on the anterior part of the plate in the interspace between the lineal series just 
mentioned and the marginal series. No other spinelets are borne on the plates. 

The actinal interradial areas are very small; and the intermediate plates are few in 
number and do not extend beyond the fifth adambulacral plate. There are usually two 
large spiracle-formed pedicellarian apparatus in each area, one on each side of the median line, 
which occupy nearly the whole space between the mouth-plates and the marginal plates; 
sometimes, however, only one is present ; sometimes a second pair occur, rather smaller, 
and placed on each side of the odd infero-marginal plate, but sometimes in like manner 
only one of these is present. These double-combed or spiracle-like apparatus are larger 
and more complex in this species than in any other form I know; they are also composed 
of more numerous spinelets and the two opposing series are directed considerably upwards 
into the cavity of the apparatus, the external margins being prominent and apparently raised. 

The anal aperture is subcentral and distinct. 
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The madreporiform body is rather small, oval or subcircular in outline, and is placed 
rather nearer the odd supero-marginal plate than midway between it and the centre of the 
disk. Its surface is usually level with the surrounding area, and is marked with numerous 
fine striation furrows which have the general appearance of radiating from the centre 
outwards. Several long and prominent spinelets surround the margin, and one larger 
than the rest stands at the adcentral side. 

The papule are comparatively large and numerous, and occupy an area at the base of 
the rays which may stretch as far as the sixth or eighth supero-marginal plate, though 
seldom more than stragglers occur beyond the fifth even in large specimens: the papule 
also extend upon the disk, but are absent from the central region and along the median 
interradial lines. 

There is a small genital aperture situated on each side of the odd supero-marginal 
plate, opposite the first paired supero-marginal plate, and opening on the abactinal surface 
close to its margin, The foramen is oval or subreniform, and is guarded by a simple 
papilliform spinelet, attached on the adcentral margin, and directed over the aperture 
outwards and consequently towards the marginal plate. 

Colour in alcohol, a bleached greyish white. 

Individual Variation.—So far as I am able to judge from the material at my disposal, 
this species appears very constant in general character. The following particulars seem to. 
be noteworthy. In one example the disk is relatively large, the radial measurements 
being R= 60 mm.; r=9 mm. It may be noticed also that in some cases one of the two 
large spinelets on the actinal surface of the adambulacral plates is either much reduced in 
size or may be absent altogether. One example presents a very interesting modification 
in the number and disposition of the large spiracle-formed pedicellarian apparatus on the 
actinal surface, these not being confined to the interradial area only, but three or four are 
distributed along the ray, standing between adjacent infero-marginal plates; on one side 
of a ray four are present as well as the normal interradial ones, and the outermost one 
observed stands between the eighth and ninth infero-marginal plates. 

Locality.—Station 343. Offthe Island of Ascension. March 27,1876. Lat. 8° 3’0’S., 
long. 14° 27’ 0” W. Depth 425 fathoms. Volcanic sand. Bottom temperature 40°°3 
Fahr. ; surface temperature 80°°8 Fahr. 

Remarks.—This extremely elegant form is at once distinguished from all the other 
species of Pararchaster by its delicately attenuate and flexible rays, and by its remark- 
ably spinous character—the number and delicacy of the spinelets on the infero-marginal 
and abactinal plates forming a special and conspicuous feature. 


4, Pararchaster pedicifer, n. sp. (Pl. I. figs. 3 and 4; Pl. IV. figs. 3 and 4). 


Rays five. R= 165-168 mm.; r=155 mm. R=117. Breadth of a ray near the 
base, 14 mm. 
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Rays very elongate, narrow and depressed, tapering slowly from the base to the ex- 
tremity ; the outer part being very attenuate. Disk very small, abactinal surface more or 
less inflated, and with a well-defined tumidity at the base of the rays. Along the rays the 
abactinal surface is almost plane, being only very faintly convex along the median line. 
Lateral walls low, causing the rays to have a thin, flat appearance. Actinal surface of the 
disk prominent at the mouth-angles, and sloping thence to the margin. Interbrachial 
ares wide and well-rounded. 

The abactinal surface of the disk and rays is covered with a plating of small uniform 
spicules, overlaid with a membranous tissue. The spicules bear centrally one to four minute 
papilliform granules, scarcely worthy of being designated spinelets, but which are cylin- 
drical and either truncate, denticulate, or subconical at the tip, with the membrane mount- 
ing their bases and more or less completely investing them. Those on the disk are scarcely 
larger than those on the rays. On the disk are ten short, cylindrical, tapering spinelets, 
about 3°5—4 mm. in length, regularly placed, their position probably marking the primary 
radial and basal plates. No other definite spines are present on the paxillar area. Upon 
the abactinal surface of the rays are a number of small pedicellarian apparatus, irregularly 
placed and consisting of two opposed series of three or four small spinelets, slightly 
longer than those on the spicules, the two series closing together against one another. 

The supero-marginal plates, fifty-four or fifty-five in number from the median inter- 
radial line to the extremity, are elongate and confined entirely to the lateral wall of the 
ray. When viewed from the side their posture appears more or less oblique in consequence 
of the form of the infero-marginal plates. The length is greater than the height, and the 
upper margin of the plate, which alone forms the boundary of the abactinal surface, is 
slightly arched. Each plate bears centrally a well-developed tubercle upon which is articu- 
lated a tolerably robust, tapering, and pointed spine, the fourth or fifth from the interradial 
line measuring about 5 mm. in length. The surface of the plate is covered with membrane 
and there are usually four or five small, microscopic thornlets on the area intervening 
between the spine and the adoral margin of the plate, and occasionally one close to the 
base of the spine on the aboral side. 

In the median interradial line there is one large high odd supero-marginal plate, which 
bears an elongate, cylindrical, tapering spine directed vertically, and larger than any of the 
other spines. 

The infero-marginal plates correspond to the superior series, each being placed 
nearly exactly beneath its respective companion. ‘They are elongate, but are higher than 
the supero-marginal plates and have a more or less subtriangular form when viewed from 
the side, the abactinal margin being angularly arched. Each bears a prominent tubercle, 
upon which is articulated an elongate, straight, cylindrical, tapering lateral spine, the 
fourth or fifth measuring about 6°5 mm. in length; the length diminishing slightly as they 
proceed along the ray. A second similar, but smaller and more delicate, spine, not more 
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than two-thirds its length, stands close to the lateral spine on the inner side, and is 
likewise articulated on a tubercle. The surface of the plate is covered with membrane, 
and there are a few widely spaced miliary thornlets on the vacant areas on each side 
of the spines. On the inner part of the ray, and especially on the innermost plates in 
the interbrachial arc, these assume the form of short, cylindrical, obtusely tipped 
spinelets. Occasionally also one of these near the base of the second lateral spine is 
longer than the rest, and then simulates a third (but very small) member of the infero- 
marginal armature. 

In the median interradial line is a large and broad odd infero-marginal plate, corres- 
ponding to the odd supero-marginal plate. Its position is vertical, and this plate as 
well as the two next plates on either side bear no large lateral spines, but only two 
or three short aborted cylindrical spinelets and a few miliary spinelets or thornlets, 

Between each successive infero-marginal plate is a rather large pedicellarian apparatus, 
at least along two-thirds the length of the ray ; these are of the double comb or spiracle 
form, and consist of five or six short tapering spinelets borne on each of the adjacent plates, 
the two series being opposed to one another, and closing over the intervening cavity. The 
apparatus occupies nearly the whole of the vertical margins of the plates and comes close 
to the actinal margin. 

The adambulacral plates are large, broad, and well-spaced, the breadth being slightly 
greater than the length. ‘There is a small semicircular prominence into the furrow ; and 
the armature consists of :—(1.) a furrow series of six to eight very small, short, cylindrical, 
‘obtusely tipped spinelets, all equal excepting the outermost at each end of the series, 
which are rather shorter. All are placed close together, and form a compact semicircular 
comb, the spinelets, when directed vertically, standing parallel to one another, and when 
directed over the furrow, radiating shghtly apart. The successive combs are well spaced 
apart. (2.) On the actinal surface of the plate are three comparatively elongate, 
cylindrical, obtusely tipped spinelets, placed one behind the other in an oblique line, the 
outermost being usually smaller than the others, sometimes wanting, sometimes irregularly 
placed, and absent at the extremity of the ray. The longest of these spines is about 
2°5 mm.; the marginal series not exceeding 1 mm. in length. No other spines or 
thornlets are present on the plate, and its surface is covered with membrane. 

The ambulacral furrow is widely open, and the tube-feet are large, conical, and with 
a small knob-like termination. 

The mouth-plates are large, prominent and convex actinally, the united pair being 
broad, with a flattened semicircular margin towards the actinostome. Their armature con- 
sists of a marginal series of six or seven mouth-spines on each plate, the innermost one being 
twice or three times the length and robustness of the others, which are subequal, all 
being cylindrical and obtusely tipped. On the actinal surface of the plate are three short, 
cylindrical, obtusely tipped spinelets, rather smaller than the actinal spines on the 
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adambulacral plates, widely spaced and standing in a subregular lineal series parallel to 
the median suture. On the anterior part of the plate are two or three isolated and much 
smaller spinelets, and there is usually a thornlet or miliary spinelet opposite the middle 
spine of the three main superficial mouth-spines, or opposite the interspace between the 
middle and the outermost. The surface of the plates is covered with membrane and no 
other spinelets are present. 

The actinal interradial areas are very small, and do not extend beyond the third or 
fourth marginal plate, and probably not more than twelve or fifteen intermediate plates 
are present in each; but the exact number is undeterminable on account of the whole area 
being covered with membrane. Between each of the plates of the inner row is one of the 
spiracle-like pedicellarian apparatus, similar to those just described, but much larger ; 
and there are thus five or six in each area, The few remaining intermediate or ventral 
plates bear one or two short, cylindrical, obtusely tipped spinelets. 

The anal aperture is subcentral, small and very distinct; it is surrounded by small 
spinelets somewhat larger than the small spinelets on the spicules generally. 

The madreporiform body which is comparatively large and oval, is situated a little on 
the outer side of midway between the centre of the disk and the margin. Its surface is 
sub-plane or very faintly convex, and is grooved with highly convoluted furrows, the 
general direction of the striations appearing to radiate from a central point to the margin. 

The papulz, which are rather large and distinct, are confined to an area at the base 
of the rays, which does not extend beyond the fourth supero-marginal plate, but reaches 
on the disk as far as the spine referred to as marking the primary radial plate. No 
papule are present on a band-like area along the median interradial line; and on the 
outer part of the papularium at the base of the ray, there is likewise a V-shaped area, 
with the angle passing far downward adcentrally along the median line, which is similarly 
devoid of papule. 

Colour in alcohol, a bleached ashy white ; with some traces of a brownish, or dark 
purple, pigment remaining upon the abactinal surface. 

Individual Variation.—In some cases the small spinelets on the abactinal plates 
or spicules are very regularly grouped into threes or fours along the ray, excepting just at 
the sides. The regularity of this arrangement gives at first sight rather a striking feature. 
In other examples no such general grouping takes place, although here and there a faint 
approach to it may be noticed. The usual pedicellarise are present in both instances. 
The second large spine on the infero-marginal plates is more definitely developed in some 
cases than others; and in some specimens when this spine is small its character is in a 
great degree masked by the presence of a companion smaller spinelet standing beside 
it, giving the appearance of a pair of small spinelets standing side by side below the true 
lateral spine. 


Young Phase (?).—There is a very small specimen from Station 143 which is probably 
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the young of this species. At any rate it is undoubtedly a Pararchaster, the only 
example from the locality, and from its size and character is unquestionably a juvenile form. 
Its measurements. are R=14 mm., r= 3'5-4 mm. There are twelve supero-marginal 
plates between the terminal and the median interradial plates, and the latter is very large. 
Four or five large spinelets are present in the central region of the disk, and there only 
appear to be single spinelets on the scale-like plates of the abactinal surface. There is 
one large spine on each marginal plate with usually a small thornlet on each side, and these 
are most definite on the inferior series. The adambulacral plates project with an acute 
angle into the furrow and there are not more than one or two spinelets of the furrow series, 
one being at the apex of the angle, and this is either the largest or the only one present. 
Near the mouth-plates are three spinelets in a few cases. On the actinal surface of the 
adambulacral plate there is one robust spinelet throughout, and this on the inner part 
of the ray is frequently accompanied by a second, which stands obliquely behind it. 
There are no actinal intermediate plates, and the odd interradial infero-marginal plate is 
very large, and might almost be mistaken at first sight for a single large intermediate or 
ventral plate; on its surface are several thornlets. The tube-feet have well-developed, 
proportionally large, button-like knobs at their extremity, The madreporiform body is 
rather nearer the margin than midway between that and the centre, and there are very 
few striation grooves upon it. 

Localities. —Station 147. West of the Crozet Islands. December 30, 1873. Lat. 
46° 16’ 0” S., long. 48° 27’ 0” E. Depth 1600 fathoms. Diatom ooze. Bottom tempera- 
ture 34°°2 Fahr. ; surface temperature 41°:0 Fahr. 

Station 143. Off the Agulhas Bank, south of the Cape of Good Hope. December 
19, 1873. Lat. 36° 48’ 0” S., long. 19° 24’ 0” E. Depth 1900 fathoms. Globigerina 
ooze. Bottom temperature 35°°6 Fahr. ; surface temperature 73°:0 Fahr. 

Remarks.—This species may be recognised unmistakably by the presence of the large 
comb-formed pedicellaris between the infero-marginal plates, and is otherwise a well- 
marked form. 


5. Pararchaster armatus, vu. sp. (Pl. L- figs. 5 and 6; Pl. IV. figs. 5 and 6). 


Rays five. R= 37mm; 7=6mm. R>67. Breadth of a ray between the second 
and third supero-marginal plates, 4 mm. 

Rays elongate, narrow and attenuate outwardly, tapering from the base to the 
extremity ; subdepressed, with low vertical walls, and consequently nearly rectangular 
in section. Disk small. Abactinal surface flat and level. Actinal surface very slightly 
‘ prominent at the mouth-angles. Interbrachial arcs wide and well-rounded. 

The abactinal surface of the disk and rays is covered with a plating of small, thin, 
subcircular spicules, overlaid with a delicate membranous tissue. The spicules bear 
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centrally one, or sometimes two, and rarely three, very small papilliform thornlets, of 
uniform character throughout, excepting a few on the disk which are slightly larger, but 
still quite inconspicuous and unnoticeable without close examination. Occasionally in 
some examples two or three pedicellarian apparatus may be present,—these are of the 
double comb or spiracle-lke form; their structure is very simple, and the spinelets 
composing them are comparatively large, in fact, slightly larger than the small thornlets 
usually borne on the spicules. 

The supero-marginal plates, twenty-three to twenty-five in number from the median 
interradial line to the extremity, are elongate and low. The length is about three times 
greater than the height, and the upper margin of the plate, though actually confined to the 
lateral wall of the ray, is very slightly bevelled upon the abactinal surface. Each plate bears 
centrally on this margin a rather prominent tubercle, upon which is articulated an elongate, 
tapering, sharply pointed spine, the third or fourth from the interradial line measuring 
about 4°5-5 mm. in length. ‘There are generally one or two small thornlets near the base 
of the spine, otherwise the surface of the plate is simply covered with a very thin 
membranous tissue. In the median interradial line is a high, odd, supero-marginal plate, 
thick and tubercular abactinally, which bears an elongate, cylindrical, tapering spine, 
about 8 mm. in length, directed vertically. On the vertical wall of the plate which 
stands in the interbrachial are are a number of minute, conical, sharply-pointed granules, 
usually along the median area; and the one or two neighbouring plates on each side 
are likewise similarly, but irregularly and more sparsely, granulated. 

The infero-marginal plates are elongate and low like the supero-marginal series, to 
which they correspond. Hach plate bears a straight, tapering, lateral spine articulated 
on a tubercle, and usually more delicate and often shorter than the spine on the accom- 
panying supero-marginal plate. A second but much smaller spine is sometimes present 
on the inner side, usually in the larger examples, but it is often wanting altogether, and 
seldom appears on the inner part of the ray and towards the extremity. Occasionally 
one or two microscopic miliary thornlets are present on the plate, and the surface of the 
plate is covered with a delicate membranous tissue. 

In the median interradial line there is a large, broad, odd infero-marginal plate, larger 
and broader than any of the others; it is placed immediately beneath the odd supero- 
marginal plate. It bears a small representative of the lateral spine, and in addition 
several delicate miliary spinelets and thornlets. The one or two next plates on each 
side are likewise frequently more spinulate than any of the others. + 

The adambulacral plates are large in proportion to the size of the star fish, their length 
slightly exceeds their breadth, and they present a prominent and rather abrupt convexity 
into the furrow. ‘Their armature consists of :—(1.) a furrow series of five to seven small, 
short, cylindrical, obtusely tipped spinelets, subequal excepting the extremities of the series, 
which are rather shorter; all are closely placed and form compact isolated little combs. 
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(2.) On the actinal surface of the plate is one comparatively large spinelet, robust at the 
base, and tapering to a pointed extremity ; on the outer side of this a second, but smaller 
and more delicate, spinelet is present, and frequently also a small miliary spinelet on the 
adoral side of the large spinelet. The presence, however, of the second spine and of the 
miliary is by no means constant. They are often (perhaps usually) absent in small 
examples and on the inner and outer parts of the ray even of large specimens. The 
larger actinal spine measures about 1°7 mm. in length on the fifth or sixth plate from the 
mouth-angle, the marginal or furrow series being normally less than half this length. 

The mouth-plates are large, and convex actinally, and the united pair form a broad 
projection towards the actinostome, the free margin being more than a semicircle, and 
bulging laterally. The armature consists of a marginal series of five, or sometimes six, 
short, slightly tapering mouth-spines on each plate, the innermost being twice as large as 
the others. On the actinal surface of the plate are three subequal tapering spinelets, 
forming a line parallel to the imperfectly closed median suture; sometimes a fourth 
is present on the outer side of the series, and sometimes its place is occupied by a miliary 
thornlet only ; but often it is wanting altogether. No other spines are present, and the 
surface of the plates is covered with thin membrane. 

The actinal interradial areas are very small indeed, not more than three or four inter- 
mediate plates being present in young examples, and in larger ones not more than eight to 
ten. These form only a single series between the marginal plates and the adambulacral 
and mouth-plates ; their surface is covered with membrane and the larger plates bear two 
or three small thornlets. There is usually one small pedicellarian apparatus in each area, 
which does not stand in the median interradial line, but is usually separated therefrom by 
one plate. It is of the “ spiracle ”-like or double-comb form, previously described. Rarely 
two are present. There are no pedicellarian apparatus between the infero-marginal plates. 

The anal aperture is subcentral and distinct, and usually there are two or three 
spinelets in its neighbourhood larger than those borne on the spicules generally. 

The madreporiform body is comparatively large and oval, placed about midway between 
the centre of the disk and the margin, and its surface is conspicuously convex and is 
grooved with deeply cut and highly convoluted striation furrows. 

The papule are tolerably numerous, but are large and distinct and limited to a small 
area at the base of the ray, which does not extend outwardly beyond the first supero- 
marginal after the odd interradial plate, and its inward extent on the disk would be 
bounded by a circle drawn upon the disk, with its margin touching the inner edge of the 
madreporiform body, 

Colour in alcohol, a bleached ashy white. 

Individual, Variation.—In some examples a second infero-marginal spine, standing 
below the true lateral spine, is much more strongly developed than in others, and this 
in specimens of the same size and from the same locality. In others again it is repre- 
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sented only by a small miliary spinelet, or may be entirely absent altogether. I have 
only found them well-developed in one case, and that not the largest specimen in the 
series. In one example I notice a tendency towards diminution in the number of spine- 
lets in the furrow series on the adambulacral plates, and this is shown in the abortion or 
total absence of the outer spinelets at either extremity of the series; as a result of this 
reduction there may be only three, four, or five spinelets in place of six, which appears to 
be the normal number, and the central spinelets of the series appear comparatively long. 
The occasional presence of an additional spine on the actinal surface of the adambulacral 
plates has already been remarked upon. 

Young Phase.—The smallest example in the collection (from Station 46) has a minor 
radial measurement of 3°5 mm., and the rays appear to be comparatively robust. This 
specimen presents in a most unequivocal manner all the characters of the type, and even 
though so young there need not be the slightest hesitation about referring the form to this 
species. So small indeed are the differences between the juvenile and the adult stages, 
that the mature form in this species may well be said to exhibit on a larger scale all the 
features of the embryonic phase. 

In this juvenile example there are no actinal intermediate (ventral) plates. The 
disk and the base of the rays have a somewhat villous or subpapillose appearance, the 
spinelets on the abactinal plates being decidedly robust for the size of the animal, and 
rather thickly covered with membrane. The papulee are well-developed and distinct ; 
and there are three large spiracle-formed pedicellarian apparatus on the disk. The odd 
interradial plates and spines are very large, the latter being about 5 mm. long; and are 
strongly denticulate along the shaft, suggesting to a certain degree the miniature of a 
Cidaris-spine. The knob-like terminations of the tube-feet are large and button-shaped. 
The genital foramina are discernible on each side of the odd interradial plate, opposite 
the first supero-marginal plates and near their inner edge. 

Localities.—Station 50. South of Halifax, Nova Scotia. May 21, 1873. Lat. 42° 
8’ 0” N., long. 63° 39’ 0” W. Depth 1250 fathoms. Blue mud. Bottom temperature 
38°'0 Fahr. ; surface temperature 45°°0 Fahr. 

Station 46. Off the coast of North America, east of New Jersey. May 6, 1873. ° 
Lat. 40° 17’ 0” N., long. 66° 48’ 0” W. Depth 1350 fathoms. Blue mud. Bottom tem- 
perature 37°°2 Fahr. ; surface temperature 40°°0 Fahr. 

Station off the coast of Portugal. January 1873. (Exact date and station not recorded.) 

Remarks.—Pararchaster armatus is characterised by the presence of comb-formed 
pedicellariz on the abactinal area and in the actinal interradial areas, and by their absence 
between the infero-marginal plates. The simplicity of the armature of the infero-marginal 
plates (one lateral spine and sometimes a small companion), and the comparatively large 


number of six or seven spines in the furrow series on the adambulacral plates, also serve to 
readily distinguish this interesting form. 
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Genus Pontaster, Sladen. 
© Pontaster, Sladen in Narr. Chall. Exp., 1885, vol. i. p. 610. 


Disk small. Rays long and tapering. 

Marginal plates forming a definite vertical wall or a well-rounded margin. Often 
elongately oval, or subtriangular in form. The two series have a tendency to alternate 
more or less, which causes the horizontal margin that touches the companion series of 
plates to be more or less definitely angulated or to form two facets. Supero-marginal 
plates usually with one prominent well-developed spine. Infero-marginal plates with one 
to three similar prominent spines. On the general surface of the plates of both series are 
borne minute spiniform granules or miliary spinelets. 

Abactinal area with round squamiform plates, bearing more or less well-defined 
paxille. No definite order of arrangement. Papulz confined to an area at the base of 
the ray, frequently associated with a special calcareous structure of the skeleton—the 
papularium. 

Actinal interradial areas with very few intermediate (ventral) plates. 

Armature of adambulacral plates consisting of :—(1.) a semicircular furrow series of 
small spines; and (2.) one to three outer spines on the actinal surface, usually larger and 
conical ; and a few miliaries may also be present. 

Madreporiform body small, usually near the margin, but sometimes nearly midway 
between the margin and the centre of the disk. 

Pedicellariz frequently present, sometimes comb-formed, sometimes quadrivalvate, 
sometimes bivalvate. 

Remarks.—The type of this genus is the starfish originally described by Diiben and 
Koren’ under the name of Astropecten tenuispinus, which was subsequently referred by 
Sars” to the genus Archaster, a determination which has been followed by the majority 
of the succeeding writers. Reference has already been made (p. 1 of this Report) to 
the incongruous character of the assemblage of species that have been included in the 
genus Archaster of Miiller and Troschel, and in my remarks under the head of that genus 
(below, p. 121) will be found a further expression of my views as to the only species that can 
be retained under the generic name of Archaster. These conclusions are arrived at after 
a careful study of the structure and anatomy of the forms; and in the present place it is 
unnecessary to recapitulate the grounds upon which the limitation of the genus is based. 
A glance at the diagnosis of the genus given above, and of that of Archaster (sensu stricto) 
as formulated on a subsequent page, is sufficient to indicate that the two types are widely 
separate and can certainly not be classed as factors of the same generic term. 


1 K. Svensk. Vetensk.-Akad. Handl., Ar 1844 (1846), p. 251, pl. viii. figs. 20-22. 
2 Oversigt af Norges Echinodermer, Christiania, 1861, p. 38, pl. iii. figs. 5-7. 
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A large number of recently discovered species are associated together by community of 


character in the genus Pontaster. 
The following scheme will serve as an index of reference to their “ special marks” :— 


Synopsis of the Species included in the Genus Pontaster herein described. 


A, Adambulacral plates with a secondary series of two or more spines. 

a, Secondary spines on adambulacral plates large and robust; in oblique trans- 
verse series. With more or less well-developed dorsal spines on the 
supero-marginal plates. 

a, One infero-marginal spine and sometimes a small companion, With 
no large spines on the disk. No comb-formed pedicellariz, 
«, With narrow marginal plates confined entirely to the lateral 
wall. 
i, With pedicellariz. Disk large, rays much expanded 
at the base. , j tenuispinus. 
. With no pedicellarie. Disk eal rays an een 
expanded at the base. 


Ie With very fine needle-like spinulation . : planeta. 
. With robust truncate spines : hebitus, 
8. With tread oan plates forming a well-defined boris 
on the abactinal surface. No pedicellarie . : limbatus. 
6. Three infero-marginal spines. With large spines on the disk. With 
comb-formed pedicellarie  . oxyacanthus. 


b. Secondary spines on the adambulacral plates Surtih nl eral to the Saas 
series; in two converging series. With no dorsal spines on the 
supero-marginal plates, or only small ones here and there. : teres. 
B, Adambulacral plates with a secondary series consisting of only one large (eaten 
spine. 
a. With narrow supero-marginal plates. 
a. With quadrivalvate pedicellarie.  Paxille well-developed, with 
several spinelets. 
a, Pedicellariz numerous on the abactinal surface, and on the 
actinal surface extending along the ray on the infero- 
marginal plates. Infero-marginal plates with close 
conical granulation. No secondary lateral spinelet . forcipatus. 
£. Pedicellarie few, only present on the actinal interradial area. 
Infero-marginal plates almost naked. A pais 


secondary lateral spine present . : mimicus. 
6, No pedicellarie. Paxille on the outer part of the ray Benrccented 
only by a squamous plate with a single central spinelet . : pristinus. 


b. With broad supero-marginal plates. No quadrivalvate pedicellarie. 
a. Dorsal spines on the supero-marginal plates long, tapering and 


robust. 
«. Paxille with a central spine, often long and conical. No 
pedicellaria, Actinal intermediate plates present : venustus. 
8. Paxille with no central spine, simple. Comb-formed pedi- 
cellarie. No actinal intermediate plates. : é trullipes. 


b. No dorsal spines, only tubercles, No pedicellariz present . : subtuberculatus. 
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The species from the “Blake” dredgings, described by Perrier’ under the name of 
Archaster mirabilis, appears to me without any doubt to belong to the genus Pontaster. 
From the description given, however, I do not feel in a position to assign with accuracy 
its position in the preceding scheme, and the illustrations render no assistance towards 
that end. All the figures are stated in the explanation of the plates to be varieties of the 
form. Several of them, as shown by the phototype, appear very dissimilar in general facies. 
So far as I am able to judge from the characters mentioned, the form is well distinguished 
from any of the species herein described. The presence of the papule at the base of the 
rays appears to have been observed by Perrier, by whom, however, these organs were 
supposed dubiously to be genital orifices (loc. ct., pp. 258-260). 

In the subsequently published preliminary note on the starfishes dredged by the 
“Talisman,” M. Perrier*® has occasion to mention this species, and then refers it, 
either generically or subgenerically, to Chevraster (the name being written “ Archaster 
(Chetraster) mirabilis, E. P.”). I am somewhat at a loss to understand this, unless the 
inaccuracy of Studer’s observations as to the remarkable position of the generative organs 
in the form of a pair of band-like structures along the distal or outer half of the ray—the 
main character upon which the genus rests—has been proved. For obviously the genera- 
rative organs could not in one single species hold two such opposite and abnormal positions 
as that supposed by Perrier in the case of his Archaster mirabilis, and that described by 
Studer ’® in his Cheiraster gazellz and Cheiraster pedicellaris. 

I have previously referred briefly (ante, pp. 3, 4) to the remarkable characters that 
are specially regarded by Studer as distinguishing the genera Cheiraster and Luidiaster ; 
and I would here only draw attention to the striking concordance these forms present in 
their general facies and the formula of their secondary characters with the genus under 
notice, if the extraordinary structures upon which their generic claim is based be excepted. 
I may even mention that in some of the species of Pontaster the position assigned by 
Studer to the structures which he considers to be generative organs in Cheiraster is occu- 
pied by a pair of strongly developed muscular bands, which present superficially all the 
appearances noted by Studer. 

I am under the impression that Archaster coronatus, Perrier,* and Archaster echinu- 
latus, Perrier,’ will also be found to belong to the genus Pontaster, and perhaps Archaster 
pulcher, Perrier,’ may in like manner be included in the same category, though as regards 

1 Bull. Mus. Comp. Zodl., 1881, vol. ix. p. 27; Nouv. Archives Mus. Hist. Nat., 2e Série, 1884, t. vi. 
p. 256, pl. viii. figs. 7, 8; pl. ix. fig. 4; pl. x. figs. 2, 3, and 5. 

2 Comptes rendus, 1885, t. ci. p. 884. 

3 Sttzungsb. naturf. Freunde Berlin, 16. Oct. 1883, pp. 1380, 131; Anhang z. d. Abhandl. d. k. preuss. 
Akad. d. Wiss. Berlin, vom Jahre 1884, pp. 50, 51, Taf. iv. figs. 8, a, b, c; Taf. v. figs. 9, a, b, ¢, d, e. 


* Nouv. Archives Mus. Hist. Nat., 2e Série, 1884, t. vi. p. 262. 
5 Révis. Stell.,p. 348 (Archives de Zool. expér.,1876, t. v. p. 268); Nowy. Archives Mus. Hist. Nat., 2¢ Série, 


1884, t. vi. p. 263. 
® Bull. Mus. Comp, Zool., 1881, vol. ix. p. 26; Nouv. Archives Mus. Hist. Nat., 2e Série, 1884, t. vi. 


p. 254, pl. ix. fig. 3. 
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this last species I offer the suggestion with much doubt, for the description given is alto- 
gether inadequate for classificatory purposes. Iam unable to recognise any of these forms 
amongst the Challenger material. 

Of the several new species from the North-American coast described by Verrill during 
the last few years under the generic name of Archaster, none appear to belong to the 
genus Pontaster. I would, however, suggest that the Asterid from this region which 
has been referred to Archaster tenuispinus may perhaps be found to be the same as the 
form I have named Pontaster hebitus. 


Chorology of the Genus Pontaster. 


a, Geographical distribution :-— 


ATLANTIC : Six species between the parallels of 80° N. and 40° S. 

Pontaster forcipatus and Pontaster hebitus, off the coast of North 
America. Pontaster limbatusin the Faerée Channel, off the west coast 
of Ireland and 8.W. of the Scilly Islands. Pontaster tenuispinus in 
the Faerée Channel, off the Scandinavian coasts, and as far north as 
Spitzbergen. (Also Greenland fide Liitken, and North America fide 
Verrill.) Pontaster tenwispinus, var. platynota, in the Faerée Channel 
and off the west coast of Ireland. Pontaster venustus, east of the 
Azores, and Pontaster venustus, var. robusta, off the Cape Verde Islands. 
Pontaster pristinus, off the eastern coast of South America. 


Paciric: Four species between the parallels of 40° N. and 50° 8. 

Pontaster oxyacanthus, south of Japan. Pontaster trullipes, west 
of the island of Luzon (Philippines). Pontaster subtuberculatus, east 
of Australia. Pontaster planeta, west of South America, near the 
entrance to the Straits of Magellan. 


HASTERN ARCHIPELAGO: Two species between the parallels of 0° and 10° S. 
Pontaster mimicus in the Arafura Sea. Pontaster teres, in the 
Banda Sea, between the Ki Islands and Banda Islands. 
SourHerN Ocean: One species between the parallels of 40° and 50° S. 


Pontaster forcipatus, var. echinata, between Marion Island and the 
Crozet Islands. 


8. Bathymetrical range: 70 fathoms to 2650 fathoms. 
Six species are found above the Abyssal zone (2.e., in depths less than 500 
fathoms), viz., Pontaster hebitus, Pontaster limbatus, Pontaster oxyacanthus, 
Pontaster planeta, Pontaster tenuispinus, with its var. platynota, and Pontaster 
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teres. Of these only one species, Pontaster tenwispinus, with its variety platynota, 
extends into the Abyssal zone. 

Seven species are found in the Abyssal zone, viz., Pontaster forcipatus and 
its variety echinata, Pontaster mimicus, Pontaster pristinus, Pontaster sub- 
tuberculatus, Pontaster tenwispinus and its var. platynota, Pontaster trullipes, 


and Pontaster venustus. 


Four of these are found in depths greater than 1000 


fathoms, viz., Pontaster forcipatus and its variety echinata, Pontaster pristinus, 
Pontaster trullipes, and Pontaster venustus. 
Greatest range of one species: Pontaster venustus, 900 to 2025 fathoms. 


y. Nature of the Sea-bottom: Five species, viz., Pontaster forcipatus, Pontaster pla- 
neta, Pontaster pristinus, Pontaster teres, and Pontaster trullipes, are found on 
Blue mud only, excepting the variety echinata of Pontaster forcipatus, which is 
found on Globigerina ooze. Pontaster venustus is found on Globigerina ooze and 


Pteropod ooze. 


Three species are found on Green mud only, viz., Pontaster 
mimicus, Pontaster oxyacanthus, and Pontaster subtuberculatus. 


Pontaster 


tenuispinus and Pontaster limbatus, in the Continental zone, occur on various 


bottoms. Pontaster hebitus-on gravel and stones. 
Chorological Synopsis of the Species. 
Ocean. Range in fathoms. Nature of the Sea-bottom. 
Pontaster forcipatus Atlantic. 1240 to 1700 Blue mud. 
Pontaster forcipatus, var. echinata Southern Ocean. 1375 Globigerina ooze. 
Pontaster Hebitus Atlantic. 85 Gravel, stones. 
Pontaster limbatus . . | Atlantic. OOMtOs44 OR Sy esas 
Pontaster mimicus j) Eastern Archi- | | 800 Green mud, 
| pelago. J 
Pontaster oxyacanthus Pacific, 345 Green mud. 
Pontaster planeta Pacific. 245 Blue mud, 
Pontaster pristinus Atlantic. 2650 Blue mud. 
Pontaster subtuberculatus Pacific. 950 Green mud. 
Pontaster tenuispinus . . | Atlantic. OECON (1S: n | eer 
Pontaster tenuispinus, var. platynota| Atlantic. 1100} 06 0.85505 ers se 
Pontaster teres {| Eastern Archi- | | 140 Blue mud. 
UU pelago, J 
Pontaster trullipes Pacific. 1050 Blue mud. 
Pontaster venustus Atlantic. 900 to 2025 f peerouod ooze. (900 fathoms). 
| | | Globigerina ooze (2025 fathoms). 
Pontaster venustus, var. robusta . | Atlantic. | 


1 These two limits are given on the authority of Danielssen and Koren. 


oo0cce 


Zoologi. xi. Asteroidea, Christiania, 1884. 


Den Norske Nordhays-Expedtion, 
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1. Pontaster tenuispinus, Diiben and Koren, sp. 

Astropecten tenuispinus, Diiben and Koren, 1846, Ofversigt af Skandinaviens Echinodermer: Kongl. 
Vetensk.-Akad. Handl., Ar 1844, p. 251, pl. viii. figs. 20-22. 

Archaster tenuispinus, Sars, 1861, Oversigt af Norges Echinodermer, Christiania, 1861, p. 38, pl. iii. 

(All pe eae writers have followed one or the other of these determinations.) 

This species, as indicated above, was originally classed as an Astropecten, and after- 
wards as an Archaster. I have already briefly pointed out on a preceding page in my 
remarks on the genus Pontaster that the morphological characters of this form do not 
accord with those of either of the types to which it has previously been referred. The 
generic diagnosis will sufficiently indicate the great difference in structure of this form, 
and will at the same time bear evidence to the laxity of definition which has of late years 
been entertained with regard to the conception of the generic limits of Archaster. 

This characteristic North-Atlantic Asterid has been well and unmistakably described 
by its discoverers Diiben and Koren,’ and subsequently by M. Sars,’ Liitken,? and 
Danielssen and Koren,* each of whom has added successively to our knowledge of its 
anatomy and form. It is therefore unnecessary in the present place to recapitulate the 
diagnosis of the species. Unfortunately, the material at my disposal is not sufficient 
to enable me to indicate with satisfaction to myself either the range of the minor 
individual variations to which the type-form is subject, or the details of the characters of 
the young phases. This deficiency may, however, be supplied to a certain extent from 
other sources; and to this end I will limit myself to the remark that the descriptions 
given by Diiben and Koren, and Sars, apply to young examples of the species; whilst 
that of Liitken is founded on specimens of larger growth, if indeed they do not actually 
belong to the variety indicated below. Of the probability of this being the case I have 
a very strong suspicion. It may, furthermore, be observed that the type is perhaps the 
strictly northern form, which is found on the Scandinavian and Greenland coasts ; and that 
the variety frequents the more southern habitats, and is also perhaps the deep-water form. 

Localities. —“ Lightning” Expedition : 

Station 6.° In the Faerée Channel. Lat. 60° 45’ 0” N., long. 4° 49’ 0” W. Depth 
510 fathoms. Bottom temperature 0°:5 C. 

“ Porcupine” Expedition : 

Station 76.° In the Faerde Channel. Lat. 60° 36’ 0” N., long. 3° 58’ 0” W. Depth 
344 fathoms. Bottom temperature 1°1 C.; surface temperature 10°-1 C. 

1 K. Svensk. Vetensk.-Akad. Handl., Ay 1844 (1846), p. 251, pl. viii. figs. 20-22. 

? Oversigt af Norges Echinodermer, Christiania, 1861, p. 38, pl. ili. figs. 5-7. 

3 Videnskab, Medd. naturh. Foren. i Kjébenhavn, 1871, p. 240. 

4 Nyt Mag. jf. Naturvidensk., Bd. xxiii, 3die Hefte, 1877, p. 59, pl. iii. fig. 8; Den Norske Nordhavs- 
Expedition, 1876-1878, Zoologi. xi. Asteroidea, Christiania, 1884, p. 85. 


® These occurrences are recorded in Sir Wyville Thomson’s Depths of the Sea; but I have not seen the 
specimens, 
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Station 90. In the Faerée Channel. Lat. 59° 41’ 0” N., long. 7° 34’ 0” W. Depth 
458 fathoms. Bottom temperature 7°'3 C.; surface temperature 11°°7 C. 

' Station 65. In the Faerée Channel. Lat. 61° 10’ 0” N., long. 2° 21’ 0” W. Depth 
345 fathoms. Bottom temperature 1°°1 C.; surface temperature 11°°1 C. 


la. Pontaster tenwspinus, var. platynota, nov. (Pl. VI. fig. 7; Pl. VIL figs. 3 and 4). 


There appear to be at least two well-marked forms of Pontaster tenwispinus, one of 
which may be looked upon as typical and the other as representing a variety, which for 
convenience of reference may appropriately be spoken of as Pontaster tenuispinus, var. 
platynota. 

The variety is characterised by its large disk, by the rapid attenuation of the rays at a 
short distance above their base, by the numerous large spines on the actinal surface of the 
adambulacral plates, and indeed by the well-developed spinulation of the actinal surface 
generally. Several well-developed spinelets are frequently present on the supero-marginal 
plates, and the number of spinelets composing the paxille on the disk is greater. It is 
further to be noted that the two-jawed pedicellariz on the adambulacral plates are usually 
specially developed and large, the jaws being widely dilated and spatuliform, or of a 
pronounced spoon-bill shape. The habit of the variety is much larger than that of any 
examples which I have seen of the type-form. 

Remarkably fine specimens have been procured from the cold water area in the Faerde 
Channel in depths of 363 to 608 fathoms, and well-marked examples of the variety were 
likewise obtained off Valentia in 100 to 150 fathoms. 

These latter show at the same time a facies of their own, the result of the association 
of several trivial but well-marked differences, which, although scarcely definable separately, 
are suflicient to produce a characteristic aspect whereby the specimens from this locality 
may be distinguished from any others with which I have compared them. At one time | 
was under the impression that the large-disked forms were only an older or more luxuriant 
stage of growth of the examples which I have called the type-form, and I recorded these 
specimens in my Reports upon the Asteroidea of the “ Knight Errant”* and “ Triton” ° 
cruises under the simple name of Archaster tenuispinus; but after a careful study of the 
series which I have had the opportunity of examining, it seems undeniable that this 
explanation is not sufficient to account for the differences, because the smallest specimen 
in my possession—which measures R=11 mm., r=3 mm.—already presents characters 
which show that it belongs unquestionably to the variety. This circumstance has 
strengthened my decision in recognising the form as a well-marked and nameworthy 
variety. 

1 This occurrence is recorded in Sir Wyville Thomson’s Depths of the Sea; but I have not seen a 


specimen, 
2 Proc. Roy. Soc, Edin., 1881-82, vol. xi. p. 699. 3 Trans. Roy. Soc. Edin., 1883, vol, xxxii, p, 154. 
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Young Phase.—In the small example above referred to (from Station 9 of the 
“Triton” dredgings, 608 fathoms), the spinulation of the abactinal surface is decidedly 
papilliform and well-developed. On the adambulacral plates there are already two large 
spines on the actinal surface, together with traces of a small companion in the same series. 
There are five or six spinelets in the furrow series. The pedicellaria is large and already 
characteristic. On the mouth-plates there is a marginal series of eight spines on each, the 
innermost being much larger and stouter than the others. The paxille of the abactinal 
surface are comparatively large and compact, composed of low robust papilliform spinelets, 
of which in the largest paxillee there are from nine to twelve. The central one, when 
present, is equal to the others, and not large and prominent, as in the adult. The anal 
aperture is large and distinct, and decidedly excentral in position. 

Localities —“ Porcupine” Expedition : 

Station 54. In the Faerbe Channel. Lat. 59° 56’ 0” N., long. 6° 27/0” W. Depth 
363 fathoms. Bottom temperature 0°3 C.; surface temperature 11°°4 C. 

Off Valentia, 100-150 fathoms. 

“ Knight Errant ” Expedition : 

Station 8. In the Faerbe Channel. August 17, 1880. Lat. 60° 3’ 0” N., long. 
5° 51’ 0” W. Depth 540 fathoms. Ooze. Bottom temperature 29°:2 Fahr. ; surface 
temperature 56°°5 Fahr. 

“Triton” Expedition : 

Station 9. In the Faerée Channel. August 23, 1882. Lat. 60° 5’ 0” N., long. 
6° 21’ 0” W. Depth 608 fathoms. Bottom temperature 30°°0 Fahr. 


2. Pontaster planeta, n. sp. (Pl. X. figs. 1 and 2; Pl. XIII. figs. 1 and 2). 


Rays five. R=37mm., r=6'5 mm. R> 5‘5r. Breadth of the ray near the base, 6 mm. 

Rays elongate, narrow, tapering continuously up to the extremity. Interbrachial arcs 
well rounded. Abactinal surface subplane, slightly convex along the median radial line. 
Actinal surface of disk convex, prominent at the mouth-angles, sloping thence to the 
margin, and slightly along the rays to the extremity. 

The paxillee of the abactinal surface are small, numerous, and tolerably well spaced. 
Midway along the ray the crown is composed of four to six short papilliform spinelets, the 
larger ones with a central elongate and tapering spinelet, which appears to increase in 
proportional length towards the extremity of the ray. Within the area of the disk larger 
paxille: are more frequently interspersed amongst the small ones, some of them with eight 
or nine spinelets surrounding the larger central one. The spinelets throughout are small 
and delicate. No pedicellarize are present on the abactinal surface. 

The supero-marginal plates, thirty to thirty-two in number from the median inter- 
radial line to the extremity, form a narrow and inconspicuous border when viewed from 
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above; the breadth of the plates is less than the length or height; and they form a well- 
rounded lateral wall to the rays and disk. Each plate bears a short, delicate, cylindrical 
and tapering spinelet, only a trifle more than a millimetre in length midway along the 
ray, placed on the abactinal side of the rounding and directed more or less upwards and 
at a slight angle outwards and aborally. The rest of the plate is covered with very small 
papilliform spinelets, of uniform size and widely spaced. 

The infero-marginal plates are subequal in height to the companion series, with which 
they alternate rather than stand opposed ; and their breadth on the actinal surface is greater 
than their length. ach plate bears a short, delicate lateral spine, similar to, but rather 
longer than, that on the supero-marginal series, directed horizontally and at a slight angle 
aborally. The longest measures about 1°75 mm.; and the length diminishes towards the 
extremity of the ray. On the inner half of the ray there is a second small spinelet, half 
the length and size of the lateral spine, standing close behind it in the median line, and 
occasionally another still smaller. On the outer part of the ray these small spinelets do not 
appear to be developed ; and even on the inner part of the ray, plates occur in which they 
are scarcely distinguishable from the general miliary spinulation of the plate. This con- 
sists of minute, slightly tapering, thorn-like spinelets, of uniform size and widely spaced. 

The adambulacral plates have an acute angular projection into the furrow; their 
breadth is greater than their length ; and successive plates are rather widely separate, with 
the intervening space filled by ligament. The armature consists of:—(1.) A furrow series 
of seven to nine short, delicate, tapering spinelets ; the median one, which occupies the apex 
or point of the angular projection, is the longest, and the others decrease as they recede from 
it on each side. (2.) A superficial series on the actinal surface of the plate, consisting 
usually of two, and occasionally three, short tapering spinelets, one longer and more robust 
than the others. These stand in a slightly oblique line, transverse to the direction of the 
ray. In small specimens and on the outer part of the ray the second and third spinelet 
may be greatly reduced in size or aborted altogether, but usually a representative miliary 
is present. One to three very small miliary spinelets may also stand on the actinal surface 
of the plate along its adoral margin, forming an apparent continuation of the furrow series ; 
and occasionally one on the aboral margin, likewise in series with the marginal spinelets ; 
and, more rarely, one on the outer margin behind the actinal spines, No other spinelets 
are present on the plate. 

The mouth-plates are broad and the united pair convex and subtubercular, with a wide 
semicircular free margin. Hach plate bears seven small mouth-spines, the innermost longest 
and most robust, the rest diminishing in size step by step as they recede from it. The 
innermost spine of each plate is directed horizontally over the buccal membrane parallel 
to the median interradial line, each succeeding spine radiating slightly more outward, 
the small outermost spines of the series having also a slightly downward trend. On the 
actinal surface of each plate there is a lineal series of four to six small spinelets running 
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parallel to the median suture, which decrease in size as they proceed outward; and 
between this series and the outer margin stand two small secondary spines, or sometimes 
only one, accompanied by one or two miliary spines; the secondary spines are, however, 
so small that they are scarcely distinguishable from the rest of the spinulation. 

The actinal intermediate (ventral) plates are very few in number, not more than six to 
twelve in each area. They are small and convex, and bear two or three small tapering 
thorn-like miliary spinelets on their midst. They do not separate more than the innermost 
three or four adambulacral plates from the infero-marginal plates. 

The anal aperture is subcentral and often difficult to see, but its position is usually 
indicated by the crowded circlet of paxillze around it, although these differ in no way from 
the rest. 

The papularium at the base of each ray is small and compact, probably with not more 
than six to nine papule in each, and often, I believe, with a less number; but this is 
difficult to ascertain without dissection. The size of the papule varies considerably in one 
and the same papularium, one or two being often much larger than the others. 

The madreporiform body, which is small, oval, and subtubercular, is situated about 
midway between the centre and the margin, but rather nearer the latter. Its surface is 
marked with deep, coarse, convoluted furrows, which usually have the appearance of 
traversing the plate rather than of radiating from the centre to the margin; and there is 
frequently a large paxilla on its adcentral side. 

Colour in alcohol, a dirty yellowish ashy grey. 

Individual Variation.—This species is on the whole very constant in character; the 
only variations of any moment, which I notice in a considerable number of examples all 
from one station, affect the relative size and robustness of the prominent or largest spine- 
lets on the actinal surface of the adambulacral plates; and the degree of development of 
the small companion to the lateral spine on the infero-marginal plates. There is also 
sometimes a slight variation—diminution—in the size of the minute miliary thornlets 
or papillz on the actinal intermediate and infero-marginal plates. It may also be 
remarked in some examples that there is a well-defined plate or paxilla much larger than 
any of the others midway between the centre of the disk and the margin in the median 
interradial line, and these are probably the representatives of the primary interradial 
(basal) plates. 

Young Phase—The smallest example of Pontaster planeta in the collection measures 
R=15°5 mm. and r=4'5 mm. It presents all the characters of the adult in an unmistak- 
able way, and there would be no hesitation in referring it to the species even if inter- 
mediate stages of growth were wanting. The relative shortness of the radial dimension in 
proportion to the interradial may be noticed. There are sixteen supero-marginal plates 
between the terminal and the median interradial line. The terminal plate is large and 
broad, and deeply indented proximally in the median line. 
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The spinelets on the supero-marginal plates are extremely small. The large actinal 
spinelet on the adambulacral plates is robust and accompanied by a well-developed 
companion, and sometimes a smaller third spinelet is also present. At least two to four 
intermediate or ventral plates are present in the actinal interradial areas. The miliary 
spinulation on these and on the marginal plates is very small, widely spaced, and papilli- 
form, giving little more than a subgranular appearance under a low magnification. The 
knob at the distal extremity of the tube-feet is very large. 

Locality.— Station 311. Off western coast of South America, near the entrance to 
the Straits of Magellan, opposite Port Churruca. January 11,1876. Lat. 52° 45’ 30’S., 
long. 73° 460” W. Depth 245 fathoms. Blue mud. Bottom temperature 46°:0 Fahr.; 
surface temperature 50°°0 Fahr. 

Remarks.—This species is remarkable for its close resemblance to the northern Pon- 
taster tenuispinus. It is, however, distinguished by its smaller disk, by its delicate 
spinulation, as well as by the character of its paxillee, and of the adambulacral armature. 
The general habit is also much smaller. 


3. Pontaster hebstus, n. sp. (Pl. VIII. figs. 1 and 2; Pl. XII. figs. 1 and 2). 


Rays five. R=103mm.;7r=16mm. R<6'5r. Breadth of the ray near the base, 
15 mm. In another example, R= 100 mm.; 7=15 mm. Breadth of the ray near 
the base, 13°2 mm. 

Rays elongate, comparatively robust and broad, but tapering continuously from the 
base to the extremity, the outer part being very attenuate. The expansion at the extreme 
base is very slight, which causes the disk to appear small, and the interbrachial arcs to 
be rather acutely rounded. Abactinal surface subplane and level over the disk, but some- 
times arched along the ray. Actinal surface of disk slightly convex, sloping from the 
mouth-angles to the margin and slightly along the ray. 

The paxillee of the abactinal surface are small, crowded upon the disk, but rather 
more widely spaced along the rays. ‘The larger ones are composed of eight to ten, and 
occasionally more, very small, short, papilliform spinelets, which form a circlet round a 
central spine; the latter is cylindrical and tapering, and though small and delicate is 
much longer than its surrounding papilliform series. Smaller paxillae, composed of five to 
seven spinelets, or even a smaller number, are interspersed amongst the larger ones upon 
the disk, and are the rule along the ray ; the central spinelet, however, of these is often 
only papilliform, and equal to the encircling series, and is often wanting. 

The supero-marginal plates, sixty in number from the median interradial line to the 
extremity, form a narrow bevelled margin to the rays and disk. The plates are very low 
and their length is slightly greater than their breadth. ach plate bears a short, conical, 


and tolerably robust spinelet, often truncate at the tip, so placed that it stands on the 
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rounded margin of the ray and is directed outward at an angle of about 45° to the plane 
of the abactinal surface. The surface of the plate is entirely covered with small, equal, 
papilliform granules, or minute stunted clavate spinelets; and occasionally one or two 
immediately below the conical spine are longer, more definitely spine-like, and tapering. 

The infero-marginal plates alternate with the superior series, and both their height and 
their breadth are greater than their length. Hach plate bears a short, robust, conical but 
often truncate lateral spine, which is, however, longer and more robust than the spine 
on the supero-marginal plates ; and this is followed by two or three, or even more, smaller 
tapering and pointed spinelets ; the character of the whole spinulation along the median 
part of the plate being definitely spine-like, the spinelets decreasing in size as they recede 
from the lateral spine and approach the inner end of the plate; two or sometimes 
three irregular series may be frequently defined, one series, however, being larger than 
the others. The rest of the surface of the plate is covered with small papilliform 
spinelets, which become more crowded, delicate, and cilia-like along the margins of the 
transverse sutures. 

The adambulacral plates are broad and form prominent angular projections into the 
furrow. Their armature consists of :—(1.) A furrow series of six or seven rather elongate 
spinelets, rather robust at the base, tapering and sharply pointed ; the median spinelet is 
the longest, and all radiate apart. (2.) On the surface of the plate is an obliquely trans- 
verse series of two or three robust conical spinelets, rather longer than any of the furrow 
series, the outer one being longest when two are present, and the middle one when there 
are three; on each side of these are two or three small spinelets near the margins of the 
plate. 

The mouth-plates are large, convex, and subtubercular ; and their surface is covered 
with short, conical, pointed spinelets, which decrease slightly in size as they recede from 
the mouth, but no definite order of disposition can be made out, and the mouth-plates 
have consequently a remarkably echinulate appearance. The true mouth-spines consist 
of a marginal series of about nine tapering, pointed spinelets on each plate, the two inner- 
most being fully twice as long and robust as the others, and slightly compressed. There 
are thus four powerful mouth-spines at each angle guarding the actinostome; and two or 
three of the superficial spines immediately behind these are equally robust. 

The actinal interradial areas are of very small dimensions, and the intermediate or 
ventral plates are few in number and do not extend beyond the fourth or fifth adam- 
bulacral plate. The separate plates are indistinguishable in spirit specimens, and their 
surface is covered with small, conical, and pointed spinelets. 

The anal aperture is central and distinct, often surrounded by larger spinelets. 

The madreporiform body is large, oval, and slightly convex, the inner end of the plate 
being about midway between the centre of the disk and the margin. Its surface is 
furrowed with numerous fine and deeply cut striations; many sharply bent and con- 
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voluted, their general disposition having the appearance of radiating from a central point. 
A number of the larger paxilla surround the margin of the madreporite. 

The papule are confined to an oval or pyriform area at the base of each ray ; they are 
of small size, and probably from forty to fifty are contained in each papularium. 

Colour in alcohol, a bleached yellowish ashy white, frequently with a pinkish shade 
on the abactinal paxillar area. 

Locality—Station 49. South of Halifax, Nova Scotia. May 20, 1873. Lat. 
43° 3’ 0” N., long. 63° 39’ 0” W. Depth 85 fathoms. Gravel, stones. Bottom tempera- 
ture 35°°0 Fahr. ; surface temperature 40°°5 Fahr. 

Remarks.—This species is nearly related to Pontaster tenwispinus, but presents a 
number of differences whose constancy and character appear to justify the recognition of 
the form as a distinct species rather than as a mere locational variety. When compared 
with Pontaster tenwspinus, Pontaster hebitus is distinguished by the comparatively small 
disk; by the rays being generally broader throughout and devoid of any rapid expansion 
at the base; by the greater breadth of the supero-marginal plates on the abactinal sur- 
face ; by the robust but short and truncate spines on the marginal and adambulacral 
plates ; by the character of the armature of the adambulacral plates, and by the total 
absence therefrom of the two-jawed pedicellariz. The paxillz of the disk-area are smaller 
than in examples of Pontaster tenwispinus of the same dimensions, and the general habit 
of Pontaster hebitus is larger and much more robust. Notwithstanding these differences, 
it is unquestionable that the species are very closely allied, and are most probably repre- 
sentative forms derived directly from a common ancestry. 


4, Pontaster limbatus, n. sp. (Pl. VI. figs. 3 and 4; Pl. VII. figs. 1 and 2). 


Rays five R=59 mm.; r=11'5 mm. R>5r._ Breadth of a ray between the 
second and third supero-marginal plates,.10 mm. A larger example measures R= 73 mm.; 
y=1325 mm. Breadth at the same place, 12 mm. 

Rays moderately elongate, tapering gradually and regularly from the base, which is 
broad, to a finely pointed and attenuate extremity. Disk small. Interbrachial ares 
wide but rather angular. Lateral walls high and vertical. Marginal plates forming a 
broad and slightly raised border on the abactinal surface. Abactinal surface of disk and 
rays flat. Actinal surface slightly convex on the disk, and more so along the rays, which 
have the appearance of being well rounded at the margins. 

The paxille of the abactinal surface are rather small and distinctly spaced, but do not 
diminish in size along the rays so much as in Pontaster tenwispinus, and consequently 
appear larger than in that form. The larger paxille on the disk are composed of very 
small, short, papilliform spinelets, which usually take the form of a more or less compact 
group, rather than of a circlet surrounding the tabulum. Very few of the paxille on the 
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disk have a delicate elongate central spinelet, and these are chiefly in the region of the 
papularia ; along the rays, however, the occurrence of the central spinelet is more fre- 
quent. No order is traceable in the arrangement of the paxille. No pedicellarie are 
present on the abactinal surface, nor elsewhere on this species. 

The marginal plates form a broad and slightly raised border to the disk and rays, the 
breadth of which diminishes gradually towards the extremity of the rays. ‘The supero- 
marginal plates are thirty-nine in number (forty-four in the largest example) from the 
median interradial line to the extremity. Their breadth is greater than their length. 
The breadth of the paxillar area midway on the ray is only equal to, or very little greater 
than, the breadth of the supero-marginal plates. The height is greater than the length 
in the innermost plates of the ray, but rapidly diminishes, being subequal along the 
greater part of the ray, and less than the length near the extremity. Hach supero- 
marginal plate, excepting the first on each side of the median interradial line, bears a 
single very small conical-pointed spine, which stands on the middle of the rounded angle 
of the plate. The longest of these spines is not more than 1°75 mm. in length, and 
they diminish in size as they proceed outwards, becoming mere microscopic thornlets 
on the outer part of the ray. The surface of the plates is slightly tumid, emphasising 
the divisional sutures, the direction of which is slightly oblique, trending from within 
outwards towards the base. The surface of the plates is covered with very minute 
subpapilliform spinelets, widely spaced. 

The infero-marginal plates correspond to the superior series, and on the inner part 
of the ray the two series alternate instead of being directly superposed. Each plate bears 
a single short, robust, tapering lateral spine, the longest about 2°5 mm. in length, and 
decreasing in length on the outer part of the ray. The surface of the plate is covered 
with small, short, papilliform but slightly tapering thornlets, well spaced, which become 
more spiniform as they approach the lateral spine, the two or three immediately below 
this being longer than any of the others, but still none long enough to be ranked as a 
companion lateral spine. 

The adambulacral plates have a prominent angular projection towards the furrow. 
Their armature consists of :—(1.) A furrow series of six or seven rather elongate, cylindrical, 
tapering spinelets, the median one longest, and all radiating apart. In consequence of 
the straight sides of the angular projection of the adambulacral plate the furrow series of 
spines have more or less the appearance of being divided into two sets which radiate 
apart. (2.) On the actinal surface of the plate are two robust tapering spines, and occa- 
sionally three on the inner part of the ray, forming an oblique series, the median spine 
being longest when three are present, and this is usually equal to or longer than the longest 
of the furrow series. On the aboral side of this oblique series and on the actinal surface 
of the plate are usually two small delicate spinelets which appear to form with more or 
less regularity a secondary series parallel to the larger one. On the adoral margin of 
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the plate are two or three small thornlets simulating more or less a continuation of the 
furrow series. There may also be one or two on the aboral margin, and these are close to 
the end next the furrow. 

The mouth-plates, which are large, broad, and convex, have a very echinulate character, 
their surface being covered with numerous robust conical spinelets, sometimes forming two 
or three more or less irregular series parallel to the median suture, but more frequently 
without any definite order of arrangement. The marginal series consists of nine or ten 
short, cylindrical, very slightly tapering spinelets on each plate, the two innermost on 
each plate being equal and a little longer and more robust than the others, which are 
fairly subequal until near the aboral end of the series. 

The actinal interradial areas are very small and with very few plates, probably not 
more than eight or ten being present. The pair of intermediate plates adjacent to the 
mouth-plates are much larger than any of the others, and are slightly tumid, which gives 
them rather a characteristic appearance. All are covered with tolerably numerous short, 
delicate, tapering spinelets. 

The anal aperture is subcentral and rather difficult to distinguish, and there is no 
modification in the form or size of the surrounding paxillz as compared with the other 
paxille in that region of the disk. 

The madreporiform body, which is small, circular, and convex, is situated nearly, but 
not quite, midway between the centre and the extreme margin, being a little nearer the 
latter. Its surface is grooved with numerous rather coarse striations, which radiate cen- 
trifugally. There is usually a large paxilla on the adcentral side of the madreporite, and 
several other large paxillee surround the margin. 

The papulze are confined to a comparatively large but elongate and pyriform area or 
papularium at the base of the rays. In the largest example there are four rows of pores, 
and the two inner ones are the longest and have larger pores, about nine in number in 
each. In the two outer rows there are not more than four or five pores. The whole 
number in a large papularium may thus be estimated at from twenty-five to thirty, and it 
occupies an area of about 6 mm. in length by 2 in breadth, or slightly more. In some 
examples the papule are all extended and appear to be of considerable length—measuring 
2 to 3 mm. in a small specimen, and are delicate and tapering. 

Colour in alcohol, a bleached ashy grey, with a slight brownish shade over the paxillar 
area of the disk. 

Indwidual Variation.—So far as lam able to judge from the small series of speci- 
mens, the .species appears to be remarkably constant in character, the only feature which 
seems to show a little variability being the spinulation of the infero-marginal plates: the 
spinelets below the lateral spine being more strongly developed in some cases than in others, 
and in some there appear to be incipient traces of a tendency to form a median series of 
spinelets larger than the rest, traversing the major dimension of the plate. 
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Localities. —*“ Porcupine’ Expedition : 

Off Valentia. Depth 100 to 150 fathoms. 

Station 51 (“ Porcupine,” 1869). Inthe Faerée Channel. Lat. 60° 6’ N., long. 8° 14’ W. 
Depth 440 fathoms. Bottom temperature 5°°5 C.; surface temperature 10°99 C. (A 
single badly preserved specimen, which I refer with some doubt to this species.) 

Station 2 (“ Porcupine,’ 1870). South-west of the Scilly Islands. Lat. 48° 37’ N., 
long. 10° 9’ W. Depth 305 fathoms. Bottom temperature 14°°8 C.; surface temperature 
16°-2 C. 

Remarks.—This species is in many respects a near ally of Pontaster tenuispinus, but 
is readily distinguished by the small disk, by the short and regularly tapering rays, and by 
the broad border of the supero-marginal plates on the abactinal surface. It is further distin- 
guished by the character of the paxille, by the remarkably small spines on the supero- 
marginal plates, by the short and solitary lateral spines on the infero-marginal plates, by 
the character of the armature of the adambulacral plates, and by the absence of pedi- 
cellarize therefrom. The papularia and also the actinal interradial areas are different. 


5. Pontaster oxyacanthus, n. sp. (Pl. IX. figs. 1 and 2; Pl. XII. figs. 7 and 8). 


Rays five R=73mm.;7r=11 mm: R>65r. _ Breadth of a ray near the base, 
11 mm. 

Rays elongate, tapering continuously from the base to the extremity, the outer part 
narrow and attenuate, and of great flexibility; the outer part in the specimen under notice 
curled round with an abactinal recurvature. Interbrachial arcs well-rounded. Abac- 
tinal surface plane. Actinal surface subplane. Lateral walls of the rays comparatively 
high and vertical. 

The general paxille of the abactinal surface are comparatively small and simple, 
closely placed on the disk and inner part of the rays, but diminish greatly in size as they 
proceed outward, and are more widely spaced on the outer half of the ray. The crown 
consists of four to seven short, delicate, tapering spinelets, which radiate outward nearly 
horizontally, and appear to proceed almost from the centre of the tabulum. A few have 
a small central spinelet, more elongate and robust than the surrounding series. Upon the 
disk and at the extreme base of the rays a number of larger and specially-armed 
paxille are distributed amongst the general paxille above described. Each of these 
bears an elongate conical, tapering, robust, vertical spinelet, surrounded at the base 
by a ruff-like collarette of twenty or more minute ciliary thornlets. The central spine is 
powerful, and may measure 2 to 3 mm., but the length decreases as the paxille recede 
from the centre of the disk. The disposition of these armed paxillee is somewhat irregular ; 
they are, however, confined to a median radial area, and two or perhaps three irregularly 
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defined longitudinal lines may be distinguished ; their presence amongst the small and 
comparatively inconspicuous general paxille of the abactinal surface forms a striking 
feature in the species. 

The supero-marginal plates, thirty-eight in number from the interradial line to the 
extremity, form a well-defined though rather narrow border to the rays. The breadth, 
height, and length are about subequal, the last dimension being slightly in excess, and the 
plates are slightly convex and subtubercular abactinally. Hach plate bears a robust, conical, 
tapering spine, about 4 mm. in length midway along the ray, directed perpendicularly to the 
abactinal plane of the ray. These spines diminish a trifle in length as they approach the 
base of the ray, but increase in robustness; whilst they decrease both in length and 
robustness on the outer part of the ray. On the outer side of this spine is usually a smaller 
and more delicate spinelet directed outward at an angle of about 45°, and occasionally 
two may be present, and sometimes they are little more than elongate miliary spinelets. 
The rest of the plate is covered with numerous very short, delicate, pointed miliary 
thornlets. 

The infero-marginal plates alternate with the superior series, and their dimensions are 
subequal. Each plate bears three robust, conical, tapering, pointed spines, similar to those 
on the supero-marginal plates. These spines form a series along the median transverse 
line of the plate; the outermost or lateral spine is the longest, and slightly greater than 
the supero-marginal spine ; the innermost spine of the three is the smallest, and is about 
half the length of the lateral one. The longest lateral spine is the third or fourth 
from the interradial line, and measures about 5 mm., and the succeeding ones decrease 
slightly in length as they proceed outward. The rest of the plate bears a few widely 
spaced, small, miliary thornlets, some of which at the base of the large spines are more 
elongate than the others. There is a naked suture-line between each plate. 

The adambulacral plates are slightly longer than broad, and with only a slightly convex 
margin towards the furrow. Their armature consists of :—(1.) A furrow series of six short, 
rather thick, cylindrical, obtusely pointed spinelets, the inner pair slightly longer, and 
the outer one at each extremity very much smaller, than the rest; their posture resembles 
that of the fingers of a hand held slightly concave. (2.) On the actinal surface of the 
plate are two robust, slightly tapering but obtusely pointed spinelets, one behind the other 
in the transverse median line. The innermost stands close behind the marginal series, the 
outermost is slightly larger and is subequal in size to the innermost of the three spines on 
the infero-marginal plate. Two or three minute miliary spinelets may be present on the 
outer margin of the plate, but the rest of the plate has a naked appearance, and is only 
covered with membrane. 

The mouth-plates are powerful and slightly convex; each plate of the united pair 
bears on its free margin six mouth-spines, the innermost being the longest, most robust, 
and slightly compressed ; the others decrease as they recede from the mouth and become 
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very short. On the actinal surface of each plate are three robust, tapering, secondary 
mouth-spines, two placed so that a line joining them would run parallel to the median 
suture, and this line is continued on the outer part of the plate by one or two smaller 
spinelets. The third large spinelet is placed opposite the interspace between the two large 
spinelets above mentioned, midway between them and the outermost of the marginal 
mouth-spines. 

The actinal interradial areas are very small, not more than eight to ten intermediate 
plates being present in each. The two innermost may bear a small central conical spinelet 
surrounded by a few minute miliary thornlets only. There are three complex pedicellarian 
apparatus in each area, situated in the lateral sutures which separate the two innermost 
intermediate or ventral plates; these organs consist of an oval cavity equally scooped 
out of the margins of the two adjacent plates, each margin beset with about five short, 
compressed, pointed, “ dog-tooth” shaped spinelets, directed over the cavity, and fre- 
quently turned upwards into the same. The major axis of the cavity measures about 
1 mm. There are also structures which I take to be very minute pedicellarize present 
on a number of the adambulacral plates, appearing to protrude through the membrane, 
usually on the outer part of the adoral margin. 

The anal aperture is subcentral and distinct, its margin being surrounded by a close 
circlet of small spinelets longer than the small spinulation of the paxille. At a little 
distance from the aperture is a circlet of the large armed paxille, standing more or less 
regularly in the radial and interradial lines. 

The papulze, though confined to the base of each ray, occupy a much greater area than 
in the other members of the genus, and are probably not comprised in a specially consti- 
tuted papularium. They are small and widely spaced, more than fifty may be counted in 
each area, and isolated ones extend as far as the fourth marginal plate. 

The madreporiform body, which is small, circular, and convex, is situated close to the 
marginal plates, and its surface is striated with rather fine convoluted furrows. One of 
the large powerfully spined paxille stands on its adcentral side. 

Colour in alcohol, a bleached ashy white. 

Locality.— Station 232. South of Yeddo (Japan). May 12,1875. Lat. 35°11'0’N., 
long. 139° 28’ 0” E. Depth 345 fathoms. Green mud. Bottom temperature 41°:1 Fahr. ; 
surface temperature 64°°2 Fahr. 

Remarks.—This is, perhaps, the handsomest species in the genus, at any rate the 
most striking, and is at the same time remarkably well characterised. Without referring 
to minor points of difference, it will suffice to say that the form is at once distinguished 
from all others by the group of large conical spines on the abactinal area of the disk, and 
by the presence of more than one large spine arranged in transverse series on the infero- 
marginal plates. Even without these striking features, Pontaster oxyacanthus would be 
well marked. 
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6. Pontaster teres, n. sp. (Pl. IX. figs. 5 and 6; Pl. XII. figs. 11 and 12). 


Rays five. R=42mm.;r=75mm. R>5‘5r. Breadth of the ray at the base, 
8 mm. 

Rays elongate, narrow, subdepressed ; not very broad at the base, tapering throughout 
up to the extremity. Interbrachial arcs well-rounded. Abactinal surface subplane, sloping 
slightly from the centre of the disk to the extremity of the rays. Actinal surface flat 
and level. 

The paxille of the abactinal surface are large, ornate, and uniform, but decrease in 
size as they proceed along the ray. The large ones on the disk have a broad tabulum, 
bearing a double circlet of short papilliform spinelets, surrounding a central, robust, sub- 
conical, obtusely pointed spinelet, three or four times their length and thickness. There 
may be sixteen or even more spinelets in the outer circlet and about half that number in the 
inner circlet, which are slightly more robust, often subconical, and sometimes appearing 
suberanuliform, sometimes disposed so as to give the appearance of several larger central 
spinelets, one of which, however, is usually longer than the rest. On the outer half of the 
ray, only the outer circlet of papilliform spinelets is usually present, with a smaller 
number of spinelets, which are very short, obtuse, and subgranuliform in appearance. The 
embryonic basals, though quite inconspicuous, may be traced ; their paxillz being rather 
larger than the rest. 

The supero-marginal plates, twenty-seven in number from the interradial line to the 
extremity, form a comparatively broad, but roundly bevelled margin to the rays when 
viewed from above. On the inner half of the ray the breadth is greater than the length, but 
towards the extremity the proportions are reversed. The plates are slightly convex, and the 
transverse sutures between them are very oblique, passing from within outwards adorally ; 
the obliquity increases on the outer part of the ray, and the plates there have an oval appear- 
ance in consequence of their convexity and increased length. The surface of the plates is 
covered with numerous very short, subtapering or obtusely conical, papilliform thornlets, 
those on the centre of the plate, especially near the inner abactinal margin, being coarser 
than the rest. Most of the plates bear a single, delicate, tapering spinelet about 1 to 
1°5 mm. in length. Perhaps normally all were thus armed, but many are absent in the 
specimens under notice, in one case apparently due to abrasion. 

The infero-marginal plates alternate with the superior series. They are as high as, 
or even higher than, broad on the inner half of the ray. Their whole surface is covered 
with numerous closely placed, cylindrical or subclavate, delicate spinelets, which, though 
very minute, are much longer than those covering the supero-marginal plates. Hach 
plate bears a delicate, tapering, sharply pointed lateral spine, the longest a little longer than 
3 mm., and behind this normally one, or occasionally two, similar but smaller spinelets. 

The adambulacral plates have an extensive acute ancular projection into the furrow, 


which causes them to have a very broad appearance. Their armature consists of :—(1.) A 
(Z0OL. OHALL. EXP.—PaRT LI.—1887.) 6 
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furrow series of ten to twelve small, delicate, cylindrical spinelets, their delicacy giving them 
an elongate appearance. These are situated on the margin of the angular projection, andradiate 
slightly apart, the length of the spines diminishing as they recede from the apex of the angle. 
Two or three still smaller spines form a continuation of the marginal series on each side 
on the surface of the plate. (2.) On the actinal surface of the plate are a number of small 
spinelets, similar in size and character to the furrow series. An oblique line of three to 
five, running subparallel to the adoral side of the angular prominence, is nearly always 
definitely formed, and sometimes a second line of fewer spines is discernible, converging 
towards the inner extremity of this line, with sometimes one or more spines in the 
included area, but usually the spines additional to the oblique line first mentioned are 
more or less grouped and irregular in their disposition. All these spines diminish in 
length as they recede from the furrow. Several of the adambulacral plates on the inner 
half of the ray bear at their junction with the marginal plates one of the large pedicel- 
larian apparatus about to be described presently. 

The mouth-plates are broad and conspicuous, but only slightly convex. The inner free 
margin of the united pair is subcircular in outline or even subparaboloid. The armature 
consists of ten small, slightly compressed, obtusely rounded spinelets, on each plate. The 
innermost one is much the longest and most robust, and is abruptly pointed; the other 
spinelets decrease as they recede from the mouth. There is consequently a pair of larger 
mouth-spines at each mouth-angle directed horizontally over the actinostome parallel 
to one another, the five pairs meeting at the centre of the orifice. The actinal sur- 
face of the plate is covered with a number of very small, uniform, delicate, thornlike 
papilliform spinelets, rather widely spaced, amongst which no order of arrangement is 
distinguishable. 

The actinal intermediate (ventral) plates are not more than eight to ten in number in 
each interradial area, and they bear a peculiar pedicellarian apparatus. This is situated on 
the suture between two laterally adjacent plates, and consists of five or six short tapering 
compressed spinelets borne on each plate on the margin of a semicircular cavity, over which 
they are directed so as to meet and interlock at their tips with the corresponding series of 
the neighbouring plate. The outline of the apparatus is suboval, and the cavity contains in 
most cases a pulpy mass, probably foreion matter. There are five of the organs in each of 
the interradial areas, the median one and the next adjacent on each side being the largest ; 
and from three to six similar organs may be present on isolated adambulacral plates on 
each side of a ray, as noticed above. A few pseudo-pedicellarive of similar appearance, 
formed by the modified spinelets of adjacent paxillee, occur occasionally on the paxillar 
area of the abactinal surface. 

The anal aperture is subcentral and distinct, and surrounded by a circlet of slightly 
larger spinelets. 

The papulze are confined to a limited area at the base of each ray, but I am unable to 
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state the number present in each papularium on account of the size and propinquity of the 
paxillee ; and no superficial character is noticeable to indicate their extent. 

The madreporiform body, which is small, subcircular or oval, and scarcely convex, is 
situated midway between the centre and the margin. Its surface is furrowed by coarse 
striations, of which only a few are convoluted, and the general direction of the grooves 
traverses the plate. Three sides are bounded by large paxille, that on the adcentral side 
being largest. 

Colour in alcohol, a greyish white. 

Young Phase.—A small example, having the dimensions of R=16 mm. and r=3'7 mm., 
may be recognised unmistakably as belonging to this species. Indeed, so clearly does this 
juvenile present the characters of the mature stage that very little need be said about it, 
except to place on record the early age at which in this genus the specific features are 
assumed. In the example under notice there are eighteen supero-marginal plates between 
the median interradial line and the terminal plate. The paxillee of the abactinal area are 
large and well-developed, but with seldom more than a single circlet of spinelets surrounding 
the central one, which is proportionately large and robust. Traces, however, of the addi- 
tional series of spinelets, which are borne on the tabulum in the adult stage, are to be 
found here and there. The primary basal plates are large and distinct. In: the actinal 
interradial areas there are not more than two or four intermediate plates, and the large 
and characteristic comb-formed pedicellarize, which are such a notable feature in the adult, 
are not yet formed, excepting a single incipient one which is present in one area. The 
spinulation of the infero-marginal plates and the armature of the adambulacral plates have 
precisely the same character as in the adult. The acutely-angular and far-reaching pro- 
jection of the adambulacral plates into the furrow is especially to be remarked, and the 
oblique lineal series of three to five spinelets on their actinal surface is fully characterised. 
The mouth-plates are broad and convex, and their armature well-developed. 

Locality.—Station 192. In the Banda Sea, between the Ki Islands and Banda Islands. 
September 26, 1874. Lat. 5° 49’ 15” S., long, 182° 14/15” E. Depth 140 fathoms. 
Blue mud. Surface temperature 82°:0 Fahr. 

Remarks.—This species is readily distinguished by the character of the adambulacral 
armature, as well as by the posture and spinulation of the marginal plates, and the 
character of the paxillee of the abactinal area. I know of no other form with which it 
can be confounded. 


7. Pontaster forcipatus, n. sp. (Pl. VIII. figs. 3 and 4; Pl. XII. figs. 3 and 4), 


Rays five R=59 mm.; r=11 mm. R<5‘57. Breadth of a ray near the base, 
9°5 mm. 

Rays elongate, narrow, very slightly expanded at the base, tapering continuously 
up to the extremity. Interbrachial arcs widely rounded. Abactinal surface of disk and 
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rays flat and level. Actinal surface of disk very prominent at the mouth-angles, and 
sloping thence to the margin and along the rays. 

The paxille of the abactinal area are moderately large, numerous, and usually well- 
defined, consisting of eight to twelve small, uniform, papillose spinelets, encircling a central, 
robust, more or less elongate, conical spinelet. Smaller paxille of three to five spinelets, 
and without a central conical spine, are interspersed occasionally amongst the larger 
paxillee, and entirely occupy the outer part of the ray. Peculiar pedicellaria-like bodies 
formed of four or five flattened and modified spines are present here and there, most 
frequently alone the margins of the abactinal area of the rays, where they form a more or 
less definite line close up to the marginal plates; and comparatively few are to be found 
upon the disk, excepting in the neighbourhood of the papular areas at the base of the rays. 

The marginal plates are small, and confined to the side of the ray, to which they form 
a nearly vertical wall. The supero-marginal plates are about thirty in number from the 
median interradial line to the extremity; they are longer than high, and little more than 
the thickness of the plate is visible on the abactinal surface. Each supero-marginal plate 
bears on, or near, this upper margin a moderately long conical spine, robust at the base, 
tapering to a sharp point, and directed almost vertically. Two or three spines on each side 
of the median interradial line are very small, then follow the longest spines on the ray, and 
the series diminishes gradually towards the extremity. In consequence of the length of the 
supero-marginal plates the spines are rather widely spaced. The general spinulation of the 
plate consists of minute conical granules, widely spaced. Below the spine the plate is usually 
very sparsely granulated, and not unfrequently a more or less extensive naked area occurs 
at the base of the spine, only a few well-spaced conical granules being present at the sides 
of the plate near the suture, except in the interbrachial arc, where the granules in- 
variably extend over the whole of the plate. One of the four-valved pedicellarize may be 
present on the suture between the supero-marginal plates, and sometimes two or three, or 
more, occur in close succession in the interbrachial are. 

The infero-marginal plates correspond to the superior series, each bearing a similar 
and equal-sized conical spinelet, directed horizontally and placed opposite to the supero- 
marginal spine. On the inner portion of the ray there may be one or two small spines at 
the base of the lateral spine. The superficial spinulation of the infero-marginal plates 
consists of conical or papilliform granules similar to those on the superior series, and some- 
times a similar naked or sparsely granulated area occurs below the spine. On the edge of 
these plates adjacent to the adambulacral plates are a series of pedicellariz of the same 
form as those above described on the abactinal surface, but rather irregular in their 
disposition. 

The adambulacral plates form an angular prominence into the furrow, and bear on 
their inner margin a semicircular comb of about seven short, equal-sized spines, which 
taper slightly, but are rather obtuse. External to these, on the actinal surface of the plate, 
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is one short, robust, conical spine. Excepting one or two isolated granules or miliary 
spinelets there are no other spinelets on the plates, though at first sight the pedicellarie, 
which stand on the margin of the infero-marginal plates, might almost be considered to 
belong to the adambulacral plates. 

The mouth-plates are large and rather prominent, and their armature consists of 
a marginal series of about seven to ten short spinelets, the two innermost being much 
the largest, whilst the others are subequal or decrease slightly in size as they recede from 
the mouth. On the actinal surface of the plate there is usually a lineal series of small 
conical spines running parallel to the suture, and in the interspace between these and 
the marginal series there are one or more spines, one of which is much larger than the 
others, and is the representative of the large spine on the actinal surface of the adam- 
bulacral plates. There is frequently some irrecularity in the disposition of these inner 
spines. 

The actinal interradial areas are small, and occupied only by a few irregularly placed 
intermediate plates; the spinelets they bear are most of them modified into pedicellariz- 
like bodies similar to those elsewhere found on this species. 

The anus is central and very distinct, with several larger spinelets surrounding its 
margin. 

The madreporiform body is small but convex, and is usually less (but sometimes rather 
more) than its own diameter distant from the margin. ‘The striz are coarse and deeply 
incised. 

The papular groups at the base of the rays are small and with not more than eight to 
ten papule in each. The paxillee amongst the group are small and modified in form, and 
the crown is often represented only by the central spine. 

Colour in alcohol, a bleached greyish or yellowish white. 

Young Phase.—The smallest example (from Station 46) measures R=11 mm., 
r = 2°5 mm., and is already so far characterised that it is scarcely too much to say that 
it would be referred with but little hesitation to the species, even if found isolated. There 
are twelve supero-marginal plates, and the spines borne on these and the infero-marginal 
plates, though small, are tolerably robust in comparison to the size of the specimen. 
Robust central spinelets are already present on a number of the paxille, whilst the 
encircling series, five or six in number, are mere conical thornlets radiating apart. There 
are several large and fully developed pedicellarize on the abactinal paxillar area; similar 
large valvate pedicellarize, composed of four or five spines, are also present on the actinal 
surface, chiefly in the actinal interradial areas, but also on the infero-marginal plates, 
extending along the ray as far as the fourth or fifth plate, or occasionally further. ‘There 
are two if not more small intermediate plates in the actinal interradial areas. The 
adambulacral plates have a furrow series of four or five spinelets, with or without an 
incipient thornlet at the end of the series, and on the actinal surface of the plates is a 
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much larger conical spinelet, and one or two or sometimes more thornlets. The miliary 
spinulation of the infero-marginal plates consists of sharp conical thornlike granules widely 
spaced. The mouth-plates have a marginal series of seven or eight spinelets, the inner- 
most the longest, the rest very short and little more than flattened dog-tooth-shaped 
spinelets ; there is also a lineal series of five or six small thornlets on the actinal surface of 
the plate, parallel to the median suture. The tube-feet have a large, thick, and some- 
what flattened terminal knob. 

Individual Variation.—This species is remarkably constant in its general characters, 
so much so that out of a large series of specimens from one locality (Station 46) I have 
scarcely noticed any features, even of trivial importance, that present differences worth 
mentioning, excepting, of course, the normal modifications attendant on age and growth. 
It may be remarked, however, after a careful examination of this material, that a sheht 
variation occurs in the length and delicacy of the central spinelet of the paxille of the 
area of the disk; that occasionally one or two miliary spinelets below the large lateral 
spine on the infero-marginal plates are more strongly developed in some examples than in 
others ; and that there is a slight variation in the length and robustness of the single large 
spine on the actinal surface of the adambulacral plates (in one example they are nearly as 
large as the spines on the marginal plates, and consequently very conspicuous). There is 
also to be observed in some specimens a short and delicate miliary spinelet on one or even 
sometimes on both sides of the actinal spine, but this is apparently of very rare occurrence, 
and the companion spinelets are indeed so small that their presence can scarcely be said to 
modify the “formula” of the adambulacral armature. 

Locational Variation.—In a small series of specimens from Station 50 the rays appear 
to be proportionally rather narrower throughout when compared with examples of the 
same size from Station 46, and the interbrachial arc is consequently more distinctly rounded. 
The length of the major radius in proportion to that of the minor radius is also somewhat 
greater in the specimens from Station 50. 

The few specimens from Stations 44 and 45 are of much larger habit than any of the 
others. The radius of the disk of the largest measures 15 mm., and the breadth of a ray 
near the base (betw een the second and third supero-marginal plates) is 12°5 mm. ; unfor- 
tunately the tips of the rays are broken away in all these specimens. There is a short but 
robust conical secondary spinelet below the lateral spine on the infero-marginal plates on 
the inner half of the ray, and sometimes even a second is present, the disposition being 
then irregular. On the innermost two or three plates on each side of the median inter- 
radial line the true lateral spines are reduced to the size of secondaries. The miliary 
spinelets on the actinal surface of the adambulacral plates are usually more numerous 
and spiniform, and the one that stands beside the large actinal spine is sometimes well- 
developed. 

Localities.—Station 44, Off the coast of North America, east of Delaware and Maryland. 
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May 2, 1873. Lat. 37° 25’ 0” N., long. 71° 40’ 0” W. Depth 1700 fathoms. Blue mud. 
Bottom temperature 36°:2 Fahr. ; surface temperature 56°°5 Fahr. 

Station 45. Off the coast of North America, east of Delaware and Maryland. May 3, 
1873. Lat. 38° 34’ 0’ N., long. 72°10'0” W. Depth 1240 fathoms. Blue mud. Bottom 
temperature 37°°2 Fahr. ; surface temperature 49°'5 Fahr. 

Station 46. Off the coast of North America, east of New Jersey. May 6, 1873. 
Lat. 40° 17’ 0” N., long. 66° 48’ 0” W. Depth 1350 fathoms. Blue mud. Bottom tem- 
perature 37°°2 Fahr. ; surface temperature 40°°0 Fahr. 

Station 50. South of Halifax, Nova Scotia. May 21, 1873. Lat. 42° 8’ 0” N., 
long. 63° 39’ 0” W. Depth 1250 fathoms. Blue mud. Bottom temperature 38°:0 Fahr. ; 
surface temperature 45°°0 Fahr. 

Remarks.—The only form with which this species might be confused is Pontaster 
mimicus ; the differences that separate them are discussed in detail under the head of that 
species. Pontaster forcipatus is readily distinguished from the other members of the 
genus by the narrow border of the supero-marginal plates, by the single large conical spine 
on the actinal surface of the adambulacral plates, and by the numerous characteristic 


pedicellarize. 


7a. Pontaster forcipatus, var. echinata, nov. 


This variety, which is of large habit, is characterised by the great thickness of the spines 
on the marginal plates (which are rather more than 1 mm. thick at the base, and 4°5 mm. 
long), by the much larger size of the central spinelets on the paxillz, and by the greater 
number of the paxille thus furnished. As compared with the type the disk appears 
to be slightly smaller. There is usually a robust and well-developed secondary spinelet 
below the lateral spine on the infero-marginal plates, at least on the inner half of the ray ; 
but this is not always present, and the general spinulation of the infero-marginal plates 
is decidedly more echinulate. On the adambulacral plates there are seldom more than 
five spinelets on the actual furrow margin, but it is sometimes difficult to distinguish 
these from one or two minute thornlets at each end of the series, which stand at the adoral 
and aboral margins on the actinal surface of the plate. The actinal spine is very large 
and robust, and frequently slightly curved. The pedicellariz are much less numerous, 
and are confined to the actinal interradial areas; they are not present on the infero- 
marginal plates (or only very rarely), and consequently do not extend along the ray. 

Young Phase.—A small example, which measures R=17°5 mm. and r= 3°75 mm., 
has fourteen supero-marginal plates. The lateral spinelets are longer and more delicate than 
in the type-form of the same size, and the disk appears relatively smaller. The character 
of the spinulation of the infero-marginal plates is more echinulate, and so also is that of the 
paxille. The slight imbrication of the supero-marginal plates is well seen; the adoral 
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end of one plate lying upon the aboral end of the preceding plate. There are no pedicel- 
larize ; whilst in the type-form at this, and even at an earlier, stage they are well-developed. 
There appear to be no actinal intermediate plates, or only the smallest rudiments in one 
area. ‘There are not more than four spinelets on the actual furrow margin of the adam- 
bulacral plates directed over the furrow, but there is a similar spinelet at each extremity 
of the series, and directed parallel to the furrow. The mouth-plates have a marginal 
series of seven spinelets on each plate, the inner one being larger than the rest, and there 
is a large robust conical spine on the actinal surface of the plate, which is strongly deve- 
loped and very conspicuous. 

Locality.—Station 146. Between Marion Island and the Crozet Islands. December 

29, 1873. Lat. 46° 46’ 0” S., long. 45° 31/0” E. Depth 1375 fathoms. Globigerina 
ooze. Bottom temperature 35°°6 Fahr.; surface temperature 43°°0 Fahr. 
The close atlinity of this form to its far distant type in the North Atlantic 
is especially remarkable, whilst the manner in which some of its characters approach even 
more nearly those of Pontaster mimicus from the North-Australian Sea are very striking, 
and at the same time highly suggestive of the genetic connection of the three forms. 


Remarks. 


8. Pontaster mimicus, n. sp. (Pl. VI. figs. 1 and 2; Pl. VII. figs. 5 and 6). 


Rays five. R=78 mm.; r=105 mm. R=75r._ Breadth of a ray between the 
second and third supero-marginal plates, 10 mm. 

Rays elongate, tolerably robust at the base, tapering continuously to a finely pointed 
extremity, having a more or less rounded character laterally and especially on the actinal 
surface. Abactinal surface plane, or slightly carinate along the rays. Interbrachial ares 
rather acutely rounded. Lateral walls high at the summit of the arc, and at the base of 
the rays. Actinal surface of the disk subplane and not prominent at the mouth-angles ; 
rounded at the margins. 

The paxillze of the abactinal area are rather small and distinctly spaced. The largest, 
which are on the disk, have a crown of twelve to twenty very small, low, rounded spinelets, 
which appear only like granules when viewed from above, surrounding a proportionally long, 
delicate, tapering central spine. The presence of these spinelets imparts quite a hairy or 
subpapillose appearance to the abactinal area of the disk when viewed with the naked eye, 
the individual paxille and the small granuliform spinelets being invisible. Smaller 
paxillee formed of three to six granuliform spinelets, and without a large elongate one, are 
interspersed amongst the larger paxille on the disk. The paxille at the margins of the 
disk and along the whole length of the ray are very small, and central spinelets are only 
present on some of those along the median radial region. No definite order is discernible 
in the arrangement of the paxillee. 

The supero-marginal plates are confined entirely to the lateral wall of the ray, only 
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their upper edge being visible on the abactinal surface, to which, however, they form a 
narrow and slightly raised border. The supero-marginal plates are thirty-three in number 
from the median interradial line to the extremity. Their length is greater than their 
height throughout, except the innermost on each side of the median interradial line ; and 
midway along the ray they have the form of elongate, suboval, imbricating squamiform 
plates. Each plate bears a robust conical spine, very thick at the base, and tapering to a 
sharp point—the longest, which is, about the fifth from the base, measuring 4 mm. or a 
trifle more,—borne on a distinct articulatory tubercle near the upper margin of the plate. 
On the innermost plate, on each side of the median line, the spine is reduced to the 
size of a secondary. On the surface of the plates are a few minute, conical granules, 
very widely spaced, which appear to be generally confined to the adoral and aboral ends 
of the plate, the area of the plate below the spine being generally nearly, if not quite, 
naked. ' 

The infero-marginal plates correspond to the superior series, but these are not 
exactly superposed, and the line of suture forms two unequal facets. ach plate bears a 
robust, tapering, sharply-pointed lateral spine, similar in form and ,character to the supero- 
marginal spine, the longest (which is about the eighth or ninth) measuring 4°5 mm. 
Midway on the surface of the plate, between the base of this spine and the margin adjacent 
to the adambulacral plates, is a small, conical, secondary spine, broad at the base and sharply 
pointed ; and the miliary spinulation of the plate consists of very minute, conical, or papil- 
liform granules, scarcely worthy of being called spinelets, but still rather too long to be 
described as granules. Very few are present on the median area of the plate below the 
lateral spine, which is usually almost, if not quite, naked. As seen in the actinal view, 
the breadth of the infero-marginal plates is about equal to their length at the base of the 
ray, but at the fifth or sixth plate the length becomes the greater dimension. 

The adambulacral plates are elongate, with a prominent and well-rounded semicircular 
margin towards the furrow. Their armature consists of :—(1.) A furrow series of six or seven 
short, cylindrical spinelets, the outermost at each end of the series being much shorter than 
the others ; and there are two or three equally small or smaller papilliform spinelets on the 
adoral and aboral margins of the plate on the actinal surface, forming as it were a con- 
tinuation of the furrow series. (2.) On the midst of the actinal surface is one large but 
short, robust, conical spine, with usually a minute papilliform miliary near it on the adoral 
side and close to the outer margin of the plate. 

The mouth-plates are large, and the united pair have a nearly circular outline, and are 
convex actinally. Their armature consists of six small tapering spines on each plate, the 
innermost one being much larger and fully one-third longer than the others, which diminish 
in size as they recede from the mouth, the last being very small. They are rather widely 
spaced, and radiate apart regularly. On the actinal surface of the plates is a regular 
lineal series of about eight small spines placed parallel to the median suture; and in 
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the interspace between these and the margin of the plate is one large robust conical spine 
similar to those on the adambulacral plates ; there may also be two or three irregularly 
placed small conical thornlets on the outer part. 

The actinal interradial areas, which are of small dimensions and very narrow, do not 
extend beyond the third infero-marginal plate. They are slightly sunken, especially between 
the mouth-plates and innermost marginal plates, which emphasises the convexity of the 
former and contributes to the ornate character of the actinal aspect of the disk. The areas 
are occupied by a small number of rather large intermediate plates, which bear upon their 
surface a few small, pointed, thorn-like spinelets. There are five or six pedicellarie in each 
area, composed of four or five modified spines similar to those in Pontaster forcipatus. 

The anal aperture is subcentral, large and distinct. 

The papularia are small, compact, and very conspicuous, their area being a proniinently 
convex oval. They are situated on the disk, with their outer extremity touching a line 
drawn across the base of the ray, and contain about a dozen papule in each, the calcareous 
divisions between them being narrow, and forming a net-like structure. 

The madreporiform body is small, oval, slightly convex, and situated about, or rather 
more than, its own diameter distant, from the inner edge of the marginal plates. The 
striation-furrows with which its surface is grooved are rather coarse, and are more or less 
irregular in their radiation. Several large paxillee stand near the margin of the madre- 
porite. 

Colour in alcohol, an ashy white ; almost a bleached white on the actinal surface. 

Locality.—Station 191. In the Arafura Sea, north-west of the Arrou Islands. 
September 23, 1874. Lat. 5° 41’ 0” 6, long. 134° 4’ 30” E. Depth 800 fathoms. Green 
mud. Bottom temperature 39°5 Fahr.; surface temperature 82°:2 Fahr. 

Remarks.—This species is remarkable for its close affinity to, and apparent mimicry of, 
Pontaster forcipatus. It is, however, distinguished from that form by the smaller disk, by 
the rounded character of the rays in the actmal aspect, by the different facies of the actinal 
surface and of the marginal plates, by the presence of the well-developed secondary spine 
on the infero-marginal plates, by the smallness and scarcity of the miliary granulation on 
the marginal plates generally, by the different habit of the paxille, by the general absence 
of pedicellarize (excepting the few in the actinal interradial areas), by the greater pro- 
minence of the semicircular margin of the adambulacral plates, by the slightly different 
character of their armature, and also of that of the mouth-plates. 


9. Pontaster pristinus, n. sp. (Pl. VI. figs. 5 and 6; Pl. VIL figs. 7 and 8). 


There is a single small specimen, which, although in a young and immature stage of 
growth, presents characters which indicate that it does not belong to any of the species 
hitherto described. Under these circumstances I feel obliged to give it a new specific 
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name, although I take that step with much reluctance, as the state of preservation and 
the juvenile condition of the example do not permit of a complete or even satisfactory 
diagnosis being written. The present remarks will therefore be offered in the form of a 
comparison of the available characters of the small asterid under notice with those of a 
young Pontaster forcipatus of the same size—the species to which it is most nearly allied. 
The measurements of the example under notice are R=11'5 mm. (about), and r=3:25 mm, 

The supero-marginal plates, which are fifteen or sixteen in number from the median 
interradial line to the extremity, are low and elongate, in fact their length is remarkable. 
They are confined entirely to the lateral wall of the ray ; and bear centrally a large boss on 
which is articulated a conical pointed spine. The paxillee of the abactinal area are especi- 
ally noteworthy on account of the single long central spine, which upon the disk and at 
the base of the ray gives a more or less hirsute appearance. On this part of the area the 
central spinelet is surrounded by four or five minute papilliform granules; but along the 
ray the small isolated squamiform plates which represent paxille bear only the single long 
central spinelet. In Pontaster forcipatus, at even an earlier stage of growth, the squamous 
basement plates of the paxille are very much larger, and bear several low granuliform 
papille only, even up to the extremity of the ray,—the central spinelet when present being 
inconspicuous. The anal aperture is distinct and surrounded by large spinelets. The 
papularia are very conspicuous, having the form of a small well-defined convex elevation. 
There are no pedicellariz present ; in Pontaster forcipatus, on the other hand, these organs 
are large and well-developed even in much smaller examples. The spinelets on the terminal 
plate are large, comparatively long, and form a tuft-like group. The madreporiform body 
is large and well-developed, whilst in Pontaster orcipatus of the same size it is scarcely 
discernible. , 

The adambulacral plates are elongate, and bear four or five rather short, equal-sized 
spinelets on the furrow margin, the one at the aboral end of the series being removed 
from the rest, and radiating apart with a trend outwards and only partly over the 
furrow. There is a single comparatively large and sharply pointed spine on the actinal 
surface of the plate; and on the adoral margin within the disk-area there may be one 
or more very small thornlets, but elsewhere there are generally no other spinelets beyond 
those above mentioned on the plates. The mouth-plates do not appear to bear more than 
four or five spinelets in the marginal series, the innermost being much larger than the 
others ; and on the actinal surface of the plates is one large conical spine, and one or 
more minute thornlets. 

The infero-marginal plates are elongate and correspondent to the superior series, 
each bearing a single conical and pointed lateral spine, and a few small isolated spinelets 
near the adoral and aboral ends of the plates. 

In the actinal interradial areas there are four intermediate or ventral plates which are 
comparatively large, and bear on their surface a few isolated conical thornlets. There is 
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no trace of the presence of any pedicellarize whatever on the actinal surface, whilst in 
Pontaster forcipatus of this size, and even smaller, these organs form a most conspicuous 
feature, being already well developed in the smallest example I have examined. No pedi- 
cellarize are to be found anywhere on Pontaster pristinus. 

Notwithstanding the incompleteness of the above summary of the characters of this 
young starfish, they appear to me sufficient to show that we are dealing with a distinct 
species. The great depth at which it occurs (2650 fathoms) is worthy of note. 

Colour in alcohol, a dirty ashy or slightly brownish grey. 

Locality.—Station 325. Off the coast of South America, east of Buenos Ayres. 
March 2, 1876. Lat. 36° 44’ 0” 8., long. 46° 16’ 0” W. Depth 2650 fathoms. Blue 
mud. Bottom temperature 32°°7 Fahr. ; surface temperature 70°°8 Fahr. 


10. Pontaster venustus, n. sp. (Pl. VIII. figs. 5 and 6; Pl. XII. figs. 5 and 6). 


Rays five R= 37 mm.; r=8 mm. R>4:5r. Breadth of a ray near the base, 
8°5 mm. 

Rays elongate, rather broad at the base, and thence tapering continuously up to a 
finely pointed extremity. Interbrachial arcs well rounded. Abactinal surface of disk 
and rays flat, slightly sloping from the centre of the disk to the extremity of the rays. 
Actinal surface flat and level. 

The paxillze of the abactinal area are small and rather widely spaced, with a crown of 
five to eight small papilliform spinelets in those situated about midway between the centre 
and the extremity of the ray, and six to ten, or occasionally more, in those upon the disk. 
The larger paxille in the respective regions have frequently a single delicate, hairlike, 
central spinelet, longer than the diameter of the whole crown of the paxilla, and four or 
five times longer than the small papilliform spinelets that encircle it. No order of arrange- 
ment is presented by the paxille. No pedicellarize of any kind are to be found on the 
abactinal area, or indeed anywhere upon this species. 

The marginal plates are conspicuous in the abactinal view, and form a well-defined and 
slightly raised border to the disk and rays—the breadth, however, diminishing consider- 
ably towards the extremity of the rays. The supero-marginal plates are twenty-five or 
twenty-six in number from the median interradial line to the extremity. Their breadth 
at a little distance from the base of the ray is about equal to their height, and their ~ 
length is rather greater than their breadth, often nearly one-third. Hach supero-marginal 
plate, excepting the first on each side of the median interradial line, bears a single 
moderately-long conical pointed spine, standing on the middle of the rounded angle of 
the plate, and directed laterally and very slightly forwards at an angle of about 45° to the 
abactinal surface of the ray. These spines are robust at the base, and borne on a slight 
prominence. ‘They increase in length up to the fifth plate from the median interradial 
line, where they measure 2°5 mm., and then decrease slowly and gradually up to the 
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extremity where they become quite microscopic. ‘The rest of the plate is covered with 
very minute, uniform, thorn-like, or spiniform granules, widely spaced. 

The infero-marginal plates are correspondent to the superior series, and similar in 
every respect ; but they extend much further on the actinal surface than the superior series 
do on the abactinal surface, and are distinctly tumid in the actinal aspect ; their breadth 
up to the middle of the ray is greater than their length, and on the inner part at least of 
the ray the two series alternate instead of being directly superposed. ach plate bears a 
single conical spine, similar to that on the supero-marginal series, directed horizontally and 
very slightly outwards. The fourth or fifth spine from the median interradial line is the 
longest, and measures about 3 mm. ; outward from this the length diminishes gradually, 
but to a less degree than in the superior series; on the outer half of the ray they are 
consequently longer than the companion series, and are distinctly visible up to the 
extremity although very small—less than one millimetre in length at the tip. Midway 
between the lateral spine above described and the inner margin of the plate is a small 
spinelet similar in character but one third the size; this disappears, however, on the outer 
part of the ray. The rest of the plate is covered with minute, widely spaced, thorn-like 
spinelets, rather longer and more spine-like than the covering of the supero-marginal 
plates ; but their isolation and paucity are remarkable. 

The adambulacral plates form conspicuous semicircular or angular projections into the 
furrow. Their armature consists of :—(1.) A furrow series of six to eight small, cylin- 
drical, slightly tapering, blunt or roundly pointed spinelets, the outer one on each side 
being much shorter than the rest. These spinelets are covered with a delicate tissue, and 
are arranged on the margin of the semicircular projection. When the furrow is contracted 
and the spines are directed vertically to the plane of the actinal surface, they form a 
subpalmate group with a more or less acute angle into the furrow ; the opposite series on 
the two sides of the furrow touching one another, and entirely separating each pair of 
tube-feet from their neighbouring pairs. (2.) On the actinal surface of the plate is a 
single, robust, conical, and sharply-pointed spine similar in character to the lateral spines, 
and about half the length, and behind this are usually two or three small, short, thorn-like 
spinelets ; but no other spinelets or granules are present on the plate. 

The mouth-plates are large, tumid actinally, and the united pair are as broad as long. 
Each plate bears on its free margin an armature of seven spines, which increase in length 
as they proceed inwards, the innermost being twice the length of the outermost, which 
are not greater than the smallest spines of the adambulacral armature. The inner- 
most pair stand parallel, and are directed towards the centre of the actinostome, the 
succeeding spines being parallel or only radiating very slightly at the outer part of the 
series. On the surface of the plates there are three small spinelets in a line with the 
median suture, the innermost the longest, and the outermost the smallest ; and in the 
space between the outermost spine of this series and the free marginal series of spines is a 
tolerably robust, conical, and pointed spine longer than the rest, the representative of the 


54 THE VOYAGE OF H.M.S. CHALLENGER. 


actinal spine on the adambulacral plates ; and behind this, on the outer part of the plate, 
there are three or four minute, thorn-like spinelets, irregularly placed. The tumid charac- 
ter of the infero-marginal plates and of the mouth-plates give a very ornate appearance to 
the actinal aspect of this species. 

The actinal intermediate plates are comparatively rather large, but not more than ten 
to twelve are present in each interradial area; they are slightly tumid, and bear near 
their centre three or four small thorn-like spinelets. 

The anus is subcentral and very distinct, and a punctured tube is seen protruding ; 
the surrounding paxille are not distinguishable in any way from the others in that region 
of the disk. 

The papular groups at the base of the rays are small, with eight papules in each ; 
these are arranged in two lateral series of three, with a medium series of two, which 
are larger and wider apart. ‘The paxille between and in the neighbourhood of the 
papulze are precisely similar to the others on the abactinal area. 

The madreporiform body, which is small, circular, and slightly convex, is situated 
nearly midway between the centre and the extreme margin, but rather nearer the latter. 
Its surface is grooved with numerous comparatively fine, deeply incised, convoluted and 
radiating striations ; and there is one large paxilla on its adcentral side larger than any 
of the others on the abactinal area. 

Colour in alcohol, a bleached yellowish white. 

Young Phase.—There is a young example (from Station 76) which measures R = 14 + 
inm. (the terminal plate being unfortunately broken from every ray), and 7 = 3°5 mm. 
The paxille are remarkably large as compared with the size of the animal. The marginal 
plates are large and have the characters of the adult. Thirteen supero-marginal plates are 
present between the median interradial line and the broken extremity, and from this 
region, I believe, only the odd terminal plate is missing. The lateral spine on the infero- 
marginal plates is remarkably small and inconspicuous, and only a little larger than the rest 
of the spinulation of the plate; whilst the spine on the supero-marginal plate, though very 
small, is much more robust—an opposite proportion to what obtains in the adult stage. 
The adambulacral plates are large, elongate, and separated by wide interspaces occupied 
by ligament. The furrow series of spines has fully assumed the palmate character of the 
adult, and the single large spine on the actinal surface of the plate is remarkably robust. 
There are only four intermediate or ventral plates in each actinal interradial area, and the 
inner pair are much the largest, in fact larger than any of the adambulacral plates. 
On their surface are a few isolated thornlets. The actinal surface generally already shows 
traces of the tumid character of the plates, which forms at once an ornate and a dis- 
tinguishing feature of the adult form. 

Localities.—Station 76. Between the islands of San Miguel and Pico (Azores). 
July 3, 1875. Lat. 38° 11’ 0” N., long. 27° 90” W. Depth 900 fathoms. Pteropod 
ooze. Bottom temperature 40°0 Fahr. ; surface temperature 70°°0 Fahr. 


REPORT ON THE ASTEROIDEA. 55 


Station 79.—Between the Azores and Madeira. July 11, 1873. Lat. 36° 21’ 0” N., 
long. 23° 31/0” W. Depth 2025 fathoms. Globigerina ooze. Bottom temperature 35°°9 
Fahr. ; surface temperature 71°°5 Fahr. 


10a. Pontaster venustus, var. robusta, nov. 


There is a single example of Pontaster dredged in the neighbourhood of the Cape 
Verde Islands, which I place, though with some hesitation, as a variety of this species. 
Although it accords with the general structural formula of the species just described, it 
has a remarkably well marked individuality ; and until a further supply of material is 
available I propose to recognise it as a nominal variety of Pontaster venustus, 

As compared with the type-form, the observer is at once struck with the massive 
character of the rays and the remarkable breadth of the border of marginal plates on 
the abactinal surface, which is nearly as great as the width of the paxillar area, midway 
between the centre and the extremity of the ray. The supero-marginal plates are very 
large and massive, and their breadth is greater than their length. The remaining features 
seem to be only differences of degree, and I do not therefore feel justified, on the scanty 
material of a single example, in ranking this as a separate species. Thus, the large spines 
on the marginal plates of both series are relatively shorter and more robust, and the small 
but definite spine below the lateral spine is either absent altogether or very greatly 
diminished. The spinelets which compose the paxillze are longer and very delicate ; and 
the spinelet on the actinal surface of the adambulacral plate is remarkably robust, short, 
and conical. In the example under notice there are twenty-five supero-marginal plates, 
counting from the median interradial line to the extremity; and the measurements are, 
R=50 mm.; r= 10 mm. Breadth of the ray between the second and third supero- 
marginal plate, 10°5 mm. 

Locality.—Off the Cape Verde Islands. There is no record of the position, depth, or 
conditions. 


11. Pontaster trullipes, n. sp. (Pl. IX. figs. 3 and 4; Pl. XII. figs. 9 and 10). 


Rays five. R=27mm.;7r=525mm. R-> 5r. Breadth of the ray at the base, 
5-5°5 mm. : 

Rays elongate and narrow, tapering continuously up to the extremity, the outer 
part of the ray being moderately attenuate. Interbrachial arcs well rounded. Abactinal 
surface subplane, sloping slightly from the disk to the extremities of the rays. A slight 
tumidity present in the paxillar areas at the base of the rays in the neighbourhood of 
the papularium. Actinal surface flat and level. 

The paxille of the abactinal surface are very small, simple, and well spaced. About 
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midway along the ray they consist of three, or rarely four, very short spinelets, whilst 
only one or two are frequent near the margin. On the central part of the disk, larger 
paxillze occur, with five or six, or even more, spinelets. When more than five are present, 
one is usually central, but is uniform in length and size with the rest. In each inter- 
radial line, midway between the centre of the disk and the margin, is a conspicuous 
circular plate bearing twenty to thirty spinelets similar in all respects to those forming 
the paxillz, of which in fact this may be considered as an enlarged example. ‘These are 
probably the representatives of the primary basal plates of the embryo. There is also a 
similar large oval plate, slightly convex, on the inner side of the papularium, which appears 
to be the representative of the primary radial plate. No definite order is discernible in 
the arrangement of the paxille, and no pedicellarize are present on the abactinal area. 

The supero-marginal plates, eighteen in number from the median interradial line to 
the extremity, form a moderately broad, definite, and well-rounded border on the abactinal 
surface ; they are longer than broad, and the suture or line of junction between adjacent 
plates is more than usually oblique, passing from within outwards adorally. The height 
and breadth are subequal, the latter dimension being perhaps slightly the greater, except 
in the innermost part of the series. Hach supero-marginal plate bears a single, short, 
conical spinelet, broad at the base and tapering throughout to a sharply pointed extremity. 
They are placed upon, or even on the lateral side of, the rounding of the plate. The 
fourth or fifth from the base of the ray measures about 2°25-mm. in lencth; and they 
decrease in size as they proceed outwards, whilst the innermost pair are very small. The 
rest of the surface of the supero-marginal plate is covered with minute, uniform, and 
tolerably closely placed thornlets. 

The infero-marginal plates are rather higher than the superior series, except on the 
inner part of the ray ; and they show a decided tendency to alternate with the companion 
series instead of each being placed immediately opposite or under the corresponding plate; 
the upper margin of the infero-marginal plates and the lower margin of the supero-marginal 
plates being angulated so as to appear superficially bifacetted. The breadth of the infero- 
marginal plates is greater than that of the superior series ; and their breadth on the inner 
part of the ray is greater than the length, but the latter dimension increases and becomes 
the greater on the outer part of the ray. Hach plate bears a short lateral spine near the 
upper margin, of the same size and character as those on the supero-marginal plates; and 
the rest of the plate is covered with small, uniform, tolerably closely placed thornlets, 
like those on the superior series of plates, amongst which no larger spinelets whatever 
occur. 

The adambulacral plates are elongate and narrow, excepting the prominent angular 
extension into the furrow. ‘Their armature consists of :—(1.) A furrow series of seven 
short, cylindrical, obtusely pointed spinelets (the median three or more, the longest), arranged 
on the free margin of the plate which projects into the furrow, and forming a scoop-like 
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group, which in posture fancifully resembles the hand when held slightly hollowed as if to 
catch a ball. (2.) A single, conical, tapering, sharply pointed spine, nearly as long as the 
short lateral spines, stands on the actinal surface of the plate. There are also on the 
surface of the plate two or three very small spinelets or thornlets on both sides of this central 
spine placed at each end of the plate, in such a way as to appear to form a continuation 
of the marginal series above described ; and there may be one or two small spinelets, equal 
in size to these lateral ones, or a trifle larger, near the base of the central spine. Beyond 
these there are no other spinelets on the adambulacral plates. The scoop-like groups of 
the marginal series extend over the furrow, and touch the corresponding groups of the 
opposite side, widely separating the pairs of ambulacral tube-feet. 

The mouth-plates are comparatively large and broad, and the united pair are con- 
spicuous in consequence of their subtubercular character, and of a well-defined depression 
at the outer extremity of the pair, in which no plate is present between them and the 
marginal plates. The free margin of the united pair is well rounded and more tumid 
laterally than a semicircle ; its armature consists of six spinelets for each plate, the inner 
one being twice as large as the others, which are nearly equal in length; there is thus a pair 
of prominent but short spinelets at each mouth-angle directed horizontally over the buccal 
membrane, whilst the remaining five mouth-spines of each plate maintain in their posture 
more or less of the scoop-like character of the adambulacral armature. On the actinal 
surface of the plates there is one secondary mouth-spine similar in character to, but 
scarcely as large as, the actinal spines on the adambulacral plates ; a lineal series of about 
six small, uniform, thorn-like spinelets runs parallel to the median suture; and three or 
four similar spinelets also form a lineal series behind the secondary mouth-spine. 

No actinal intermediate (ventral) plates of any kind are present; and the marginal 
plates are contingent on the adambulacral plates throughout. The ambulacral tube-feet 
have a small, but definite and rounded, knob-like tip. 

One large, compound pedicellarian apparatus is situated in each interradium, placed 
between the two innermost infero-marginal plates. It is of oval form, with the length 
about equal to half the breadth of the marginal plates, and its margin is beset with ten to 
twelve small pointed spinelets directed horizontally from the two sides in order to close 
over a central cavity. This organ is placed close to the inner margin of the marginal 
plates, and encroaches equally upon each of the two plates. A similar pedicellarian 
apparatus occurs in the lateral vertical wall of three of the interbrachial arcs, situated 
between the two innermost supero-marginal plates. No other pedicellarize are present. 

The anal aperture is subcentral and very distinct ; and the spinelets of the surrounding 
paxille, which form its margin and close over the aperture, are sensibly more robust than 
any of the others. 

The papule are confined to a small group, which forms a definite papularium at the 
base of each ray, and there are not more than six papulew in each, and sometimes only 
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five. Their arrangement is not very recular, but appears normally to fall into two longi- 
tudinal series of three each; the central pair being wider apart than the others. 

The madreporiform body, which is situated midway between the centre of the disk 
and the margin, is small and circular, but is convex and conspicuous, and with its 
surface grooved with rather coarse striation furrows, which have rather a reticulate 
appearance. 

Colour in alcohol, ashy white, with a yellowish or ochre shade along the ray. 

Locality.—Station 205. West of the Island of Luzon (Philippines). November 13, 
1874. Lat. 16° 42’ 0” N., long. 119° 22’ 0” E. Depth 1050 fathoms. Blue mud. 
Bottom temperature 37°-0 Fahr. ; surface temperature 82°-0 Fahr. 

Remarks.—This is an elegant and well marked little form; and Pontaster trullipes 
is readily distinguished from the other species known, by the small and simple paxilla, 
without a central spine; by the absence of actinal intermediate plates ; and by the presence 
of the large isolated pedicellarize only in the interradial lines. In addition to these 
features the posture of the adambulacral armature is in a marked degree characteristic. 


12. Pontaster subtuberculatus, n. sp. (Pl. V. figs. 3 and 4; Pl. XIII. figs. 7 and 8). 


Rays five. R= 24-25 mm.; r=7'5 mm. R= 3'25r. Breadth of a ray near the 
base, 7 mm. 

Rays rather short, broad at the base, and tapering continuously to the extremity, 
which is comparatively broad and obtuse. Interbrachial arcs well rounded. Abactinal 
surface flat, sloping slightly to the extremities of the rays. ‘The paxillar area slightly de- 
pressed below the level of the marginal plates. Actinal surface flat and level. 

The paxille of the abactinal area are small and low, but very distinctly spaced ; their 
crown consists of a group of eight to sixteen small, short, uniform, papilliform granules or 
spinelets, of which from three to five are central and surrounded by the others, but none 
are longer or more prominent than the rest. On the outer half of the rays the paxillz 
have not more than three to five spinelets in each. In each interradial line, midway 
between the centre and the margin, there is a paxilla about twice the size of any of the 
others; and these are probably the representatives of the primary basal plates of the 
embryo. No definite order is observable in the general arrangement of the paxille, and 
no pedicellaris: are present. 

The supero-marginal plates form a broad and slightly raised border on the abactinal 
surface, the intermediate paxillar area midway on the ray being very little broader than 
the marginal plates, and the breadth of the latter diminishes towards the extremity, whilst 
the diminution in the breadth of the paxillar area along the greater portion of the ray is 
comparatively slight. The supero-marginal plates are seventeen in number from the 
median interradial line to the extremity ; their breadth is greater than their length, and 


REPORT ON THE ASTEROIDEA. 59 


the length slightly greater than the height. They are tumid along their breadth, with a 
distinct but shallow channel between each, the course of which is slightly oblique from 
within outwards. Hach supero-marginal plate bears a single robust, dumpy, obtusely 
rounded, and very short spinelet, little more than an elongate tubercle, which is situated 
just over the rounded angle of the plate, and quite on the lateral side. These tubercles 
are present on every plate up to the extremity, excepting only the innermost plate on 
one side of the median interradial line in each interbrachial arc, viz., the left-hand plate 
(regarded from the centre) in the odd posterior and the left postero-lateral interradia, 
and the right-hand plate in the other interradia. The general surface of the supero- 
marginal plates is covered with very minute and widely-spaced conical granules. 

The infero-marginal plates are similar in size and character to the superior series; 
each bears a short, robust, and rather bluntly pointed lateral spine, the longest not more 
than 1°5 mm. Behind this, in the median line of the plate, are two or three much smaller 
and sharply pointed spinelets, that nearest to the lateral spine being the only one worthy 
of the name—the others, when present, for they are not traceable on the outer part of the 
ray, being merely thornlets slightly larger than the small widely spaced thornlets which 
cover the general surface of the infero-marginal plates. 

The adambulacral plates are large and broad, with a semicircular margin projecting 
into the furrow. Their armature consists of :—(1.) A furrow series of six short, slightly 
tapering, delicate spinelets, the outermost on each side the shortest, arranged on 
the furrow margin, radiating slightly apart, and forming a fan when directed over the 
furrow. (2.) A short, robust, conical spinelet, not much longer than the largest furrow 
spinelet, but much more robust, placed on the actinal surface of the plate, usually with a 
small thorn-like spinelet on each side near the margin; and there are no other spinelets 
on the plate. 

The mouth-plates are rather small, convex actinally, and with an open median suture. 
The free margin of the united pair has an almost semicircular contour, and its armature 
consists of seven or eight small, short, slightly tapering spinelets on each plate, which 
increase slightly in length as they proceed inward, the innermost pair being conspicu- 
ously the most robust, but only a little longer than the adjacent spines. There are 
three or four small spinelets on the actinal surface of the plates arranged parallel to 
the median suture, and two or three on the outer portion, Very few of the actinal 
spinelets now remain on the plates, but their former existence is indicated by the small 
tubercles on which they were articulated; all appear to have been very small, and I 
am unable to distinguish any as large as the outer or actinal spine on the adambulacral 
plates. 

The actinal intermediate plates occupy a very limited area, and do not extend beyond 
the fifth adambulacral plate in the largest specimen, about sixteen being present in the whole 
area. In asmaller example the number is much less, and their extent still more limited. 
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Each plate bears a few small pointed thorn-like spinelets, rather widely spaced, but at the 
same time more or less grouped. 

The anal aperture is subcentral and very distinct, and is emphasised by a few of the 
spinelets of the paxillee that surround it being sensibly more robust than the rest. 

The papulze occupy a limited area at the base of the ray. They appear smaller and 
perhaps more numerous than in some species, but I am unable to give their number accu- 
rately ; and no definite order of arrangement is discernible. 

The madreporiform body, which is small, circular, and slightly convex, is situated 
midway between the centre and the margin of the disk; the striation furrows with 
which its surface is grooved are rather coarse, and radiate centrifugally with more 
than usual regularity. 

Colour in alcohol, a greyish or ashy white. 

Young Phase.—A small example, which measures R= 16 mm., 7 =5 mm., and has 
thirteen or fourteen supero-marginal plates, accords in all respects with the larger specimen, 
and is perfectly recognisable. The anal aperture is distinct; there are a few comparatively 
large papular pores at the base of the rays; and the large isolated paxille are entirely 
characteristic. The adambulacral plates have not more than four or five spines on the 
furrow margin, though there is a small thornlet at each extremity of the series at the 
margin of the actinal surface. On the infero-marginal plates the small secondary spinelets 
below the lateral spine are not yet distinguishable from the miliary spinulation of the 
plate. The madreporiform body is very simple and placed close to the marginal plates. 

Locality.—Station 164. Off the coast of Australia, east of Sydney. June 12, 1874. 
Lat. 34° 8’ 0” &., long. 152° 0’ 0” E. Depth 950 fathoms. Green mud. Bottom tem- 
perature 36°°5 Fahr. ; surface temperature 69°°5 Fahr. 

Remarks.—This species is readily distinguishable by the broad margin of the supero- 
marginal plates on the abactinal area, by the tubercles borne on these plates, by the 
ubsence of pedicellarize, and by the character of the large isolated paxille on the abactinal 
area; and further by the short and comparatively obtuse rays. Pontaster subtuberculatus 
may probably be regarded as the southern representative of Pontaster venustus. 


Subfamily Piuronasterins#, Sladen, 1886. 
Genus Dytaster, Sladen. 
Dytaster, Sladen in Narr. Chall. Exp., 1885, vol. i. p. 608. 

Disk more or less inflated. Rays very long and attenuate, often subcarinate along 
the median line abactinally, very slightly flexible. 

Marginal plates rectangular; the supero-marginal plates thin and lamelliform, con- 
fined more or less to the lateral wall of the ray, which is usually vertical. The plates of 
the superior series are directly superposed on the corresponding plate of the inferior series, 
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and the contingent horizontal margins of both plates are consequently straight. The 
plates of both series usually armed with one more or less prominent thorn-like spine, but 
this may be aborted or may be absent, especially in young forms. The general surface 
of the plates of both series covered with short papilliform spinelets or granules. 

Abactinal area with small rounded scale-lke plates, bearing small pseudo-paxille, more 
or less well-developed, and usually forming a closely packed covering. No definite order 
of arrangement. Papule numerous and generally distributed. 

Actinal interradial areas well-developed, with numerous intermediate (ventral) plates, 
arranged in more or less definite columns, but often difficult to distinguish. 

Armature of adambulacral plates consisting of :—(1.) A longitudinal furrow series of 
short spines, usually compressed laterally, subprismatic and lamelliform, standing parallel 
to one another. (2.) One or more longitudinal series of papilliform spinelets or granules 
on the actinal surface; in some forms the first series are well-developed spinelets, and 
nearly as large as those of the furrow series ; and in some there is a single enlarged spinelet 
amongst the first series. 

Madreporiform body very large, compound, placed near the marginal plates, covered 
with paxillee. 

Pedicellarize (subvalvuliform) may be present on the abactinal and actinal interradial 
areas. 

Anal aperture subcentral. 

Actinostome widely expanded, with large fleshy lip. 


Synopsis of the Species included in the Genus Dytaster herein described. 


A. With a single long secondary spine on the actinal surface of the adambulacral re 
Lateral margins of the rays angularly rounded . : , spinosus. 
B. No long secondary spine on the actinal surface of the adambulacral pte or oe 
represented at the extreme tip. Lateral margins of the rays vertical. 
a, With more than one row of secondary spinelets or granules on the actinal 
surface of the adambulacral plates 5 ; ; : . 
a. With a well-developed series of secondary spines. Ten to twelve 
spinelets in the furrow series. 6 exilis. 
b. Secondary series of spines little more than papalirorm 2 pendiee ii 
five or six true spinelets in the furrow series. 
a, Supero-marginal and infero-marginal plates with prominent 


spines. 
i, Disk small, rays long. With pedicellarie on the actinal 
surface. r : : , . madreporifer. 
. Disk large, rays eaunaaegehcir led No pedicellariz on 
the actinal surface. . nobilis. 
8. Supero-marginal plates with a paberele infer: aieinall lates 
with an aborted spine 5 . : xquivocus. 
b, With only one row of secondary granules on the adambalacral Petes 
a, Marginal plates armed. Actinal interradial areas well developed ‘ biserialis. 


b, Marginal plates unarmed. Actinal interradial areas very small . : inermis. 
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Chorology of the Genus Dytaster. 
a. Geographical distribution :— 
ATLANTIC: Four species between the parallels of 40° N. and 40° 8. 

Dytaster madreporifer and Dytaster exilis, var. carinata, off the 
coast of North America. Dytaster biserialis, between Madeira 
and the Azores. Dytaster ewilis, var. gracilis, west of Tristan 
da Cunha. Dytaster nobilis, off the coast of South America, east 
of Buenos Ayres. 


Paciric: Two species between the parallels of 40° N. and 40°S. 

Dytaster spinosus, in the Mid-North Pacific, near the meridian of 
180°. Dytaster exilis, off the coast of South America, between Valpa- 
raiso and the Island of Juan Fernandez. Varieties of this species are 
found in the North and South Atlantic, as noted above. 


EasTERN ARCHIPELAGO: ‘Two species between the parallels of 10° N. and 10° 8. 
Dytaster inermis, off the northern extremity of Celebes. Dytaster 
equivocus in the Arafura Sea, west of the Arrou Islands. 


6. Bathymetrical range. 800 fathoms to 2650 fathoms. 

All the species are confined to the Abyssal zone—one only (Dytaster xquivocus) 
being found at a less depth than 1000 fathoms. 

Greatest range of one species: Dytaster madreporifer, 1240 to 1700 fathoms. 
Dytaster exilis, with its varieties, ranges from 1375 to 1900 fathoms. 

y. Nature of the Sea-bottom: Four species—Dytaster imermis, Dytaster madreporifer, 
Dytaster nobilis, Dytaster exilis, var. carinata, are found on Blue mud. The 
type-form of Dytaster exilis and its variety gracilis are found on Globigerina ooze. 
Three species—Dytaster biserialis, Dytaster spinosus, Dytaster exilis, and Dytaster 
exilis, var. gracilis, are found on Globigerina ooze. Dytaster xquivocus is found 
on Green mud only, in 800 fathoms. 


Chorological Synopsis of the Species. 


Ocean. Range in Fathoms. Nature of the Sea-bottom. 
| 

Dytaster xquivocus . : . | Eastern Archipelago. 800 | Green mud. 
Dytaster biserialis . : . | N. Atlantic. 2025 Globigerina ooze. 
Dytaster exilis : : 2) |) Se baciies 1375 | Globigerina ooze. 
Dytaster exilis var. carinata . | N. Atlantic. 1700 | Blue mud. 
Dytaster exilis var. gracilis . | S. Atlantic, 1900 Globigerina ooze. 
Dytaster inermis. ‘ . | Eastern Archipelago. 2150 Blue mud. 
Dytaster madreporifer —. .-| N. Atlantic, 1240 to 1700 Blue mud. 
Dytaster nobilis . | 8. Atlantic, 2650 Blue mud. 
Dytaster spinosus. : . | N. Pacific. 2050 Globigerina ooze. | 


REPORT ON THE ASTEROIDEA. 65 


1. Dytaster spinosus, n. sp. (Pl. V. figs. 1 and 2; Pl. IV. figs. 11 and 12). 

Rays five. R= 160-164 mm.; r= 30 mm. R>5r. Breadth of a ray near the 
base (between the second and third supero-marginal plates), 22 mm. 

Rays tolerably elongate, robust, and tapering, more or less depressed, with the lateral 
walls angularly rounded. Interbrachial ares wide and openly rounded. Disk compara- 
tively large and massive. Abactinal area of disk slightly inflated, especially opposite the 
base of the rays, the inflation being continued for a short distance along the abactinal 
surface of the ray, which is at first reoularly convex, but becomes flat before half the 
length is attained, and continues so up to the extremity. Actinal surface of the disk 
prominent at the mouth-angles and sloping thence to the margin; that of the rays 
slightly convex, giving them more or less of a rounded appearance when viewed from 
below. 

The abactinal surface of the disk and rays is covered with small closely crowded paxillz, 
composed of short, cylindrical, papilliform, obtusely tipped, equal-sized spinelets, seven to 
ten in each. Paxille with fewer spinelets are interspersed amongst the large ones; and 
on the outer half of the ray seldom more than three to five spinelets occur, and these are 
reduced to mere papilliform granules. The spinelets in the paxillae upon the disk and 
inner half of the rays stand nearly perpendicular, in little brush-like groups, but are 
so closely crowded in this region that it is often impossible to distinguish the individual 
paxille. No pedicellarize are present. 

The supero-marginal plates, forty-two to forty-four in number from the median interradial 
line to the extremity, are wholly visible when the starfish is viewed from above, They 
form a broad, sloping, or bevelled border to the abactinal surface, and even a portion of the 
infero-marginal plates is also visible; the latter forming exclusively the outline of the 
ray. The supero-marginal plates are rectangular, with the length greater than the height, 
excepting a few plates in the interbrachial arc, in which the dimensions are subequal. On 
the outer part of the ray the height is more than half the length. Each plate bears on its 
upper margin a short and comparatively delicate, straight, cylindrical, tapering, sharply 
pointed spine, the longest about 3°5 mm. in length, and they decrease very slightly as 
they proceed along the ray. The spines are directed upwards and at an angle of about 
45° towards the extremity. Rarely some plates bear two spines, one generally smaller 
than the other. The surface of the plate is covered with small, uniform, papilliform 
sranules, rather widely spaced on the middle of the plate, but becoming crowded and more 
elongate at the adoral and aboral margins. 

The infero-marginal plates correspond to the superior series, their line of union being 
perfectly horizontal. These plates have their surface curved, so that a portion is visible 
when the starfish is viewed from above, and they form entirely the outer margin of the 
ray. Indeed, beyond the middle of the ray their extent upon the abactinal area is nearly 
as great as on the actinal, and the rounding is slightly angular. Hach plate bears on the 
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rounded angle a single, short, cylindrical, tapering, sharply pointed spine, about the same 
size as the supero-marginal spine, directed at an angle outward and towards the extremity. 
The surface of the plate is covered with short papilliform granules, similar to those on the 
supero-marginal plates, which, however, become slightly larger and more widely spaced on 
the median part of the actinal area. They are crowded at the adoral and aboral margins, 
and a few at the base of the lateral spine are definitely spiniform. All are invested with 
delicate membrane. 

The adambulacral plates are long and narrow, and their length is such that they 
frequently appear to be correspondent to the infero- marginal plates; but careful exa- 
mination soon shows that this is merely deceptive. The furrow margin is straight. The 
armature consists of :—(1.) A furrow series of ten small, moderately elongate spinelets, 
slightly curved, with convexity towards the furrow, compressed laterally, and of nearly 
uniform breadth throughout, the tip being rounded, and their character is in consequence 
decidedly lamelliform. The outer spine at each extremity of the series is rather smaller 
than the others, which are subequal, and measure about 2°25 mm. in length, or slightly 
more on the innermost plates of the ray. The spines stand parallel and touch one another, 
forming a straight compact comb, and are invested with membrane. (2.) On the actinal 
surface of the plate, and immediately behind the furrow series, is a parallel series of five 
or six short, cylindrical, papilliform spinelets, shorter than the furrow series and rather 
wide apart; and external to this series, or sometimes forming one of it, is a cylindrical 
and very slightly tapering spinelet about 4 mm. in length, sometimes even a trifle more— 
consequently a very conspicuous feature in the armature. Its position is generally rather 
nearer the aboral end than midway on the plate. There are seven or eight very small, 
equal, papilliform spinelets along the outer margin of the plate, and sometimes an incom- 
plete series between this outer series and the series next the furrow spines. All the small 
spinelets, however, upon the actinal surface of the plate, are more or less irregular in their 
disposition, and this is especially noticeable in the inner part of the ray. No pedicellarize 
are present ; the surface of the plate is covered with membrane, and each of the papille 
is also thinly invested. 

The mouth-plates are large, and the united pair are convex actinally and extend pro- 
minently towards the actinostome. Their armature consists of a marginal series of fifteen 
or sixteen short spinelets on each plate, similar in character to the furrow series on the 
adambulacral plates, but which become more cylindrical and papilliform on the outer part 
of the series. One or two of the innermost mouth-spines are a little longer than the rest, 
and these decrease slightly as they recede from the mouth. The actinal surface of the 
plate is covered with numerous, short, papilliform spinelets, amongst which no order of 
arrangement is discernible; they are subequal in length, excepting about four at the 
extreme inner end of the mouth-angle, immediately behind the marginal series, to 
which they are nearly equal in length; and a second series of four or five behind these, 
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intermediate in length and robustness between them and the general echinulation of the 
area above mentioned. 

The actinal interradial areas are large and well developed, and extend as far as the 
ninth or tenth adambulacral plate. They comprise numerous intermediate plates arranged 
in more or less regular series between the adambulacral plates and the marginal plates ; 
the separate plates are to a certain extent indicated by pseudo-sutures and the arrange- 
ment of the numerous short, equal, papilliform spinelets which they bear. The form of 
the groups is often rectangular, the papille are extremely short, and there is no tendency 
whatever to simulate paxille, the papille appearing to spring from the membrane which 
uniformly covers the whole area, 

The anal aperture is subcentral and distinct, though there is no modification of the 
paxillze surrounding it, 

The madreporiform body is compound and of great size. It occupies a circular area 
13°5 mm. in diameter, the outer margin of which is two to three mm, distant from the 
marginal plates. The area is rather higher than the plane of the abactinal surface, and is 
rendered conspicuous by the greater size of the paxillee which cover it, the spinelets com- 
posing them being a little longer and more robust. The striated surface is entirely hidden 
from superficial view. When the spinelets are removed the furrows are seen to be remark- 
ably fine and to appear to mount the base or pedicle of the paxilla, 

The ambulacral tube-feet have a small mamelon-like conical termination. 

Colour in alcohol, a greyish or yellowish white, with a slightly brownish or warmer 
shade on the abactinal paxillar area. 

Locality.—Station 246. In the Mid-North Pacific, between Yeddo and San Francisco, 
near the meridian of 180°. July 2, 1875. Lat. 36° 10’ 0” N., long. 178° 0’ 0” E. 
Depth 2050 fathoms. Globigerina ooze. Bottom temperature 35°°1 Fahr.; surface 
temperature 73°°0 Fahr, 

Remarks.—This species is at once distinguished from all the others in the genus by its 
broad and comparatively low rays, with the angularly rounded margin and the strong inward 
bevel of the whole surface of the supero-marginal plates towards the abactinal surface. It is 
further most conspicuously marked by the presence of the single long secondary spine on 
the actinal surface of the adambulacral plates behind the furrow series throughout the ray, 


2. Dytaster exilis, n. sp. (Pl. II. figs. 3 and 4; Pl. IV. figs. 9 and 10 : the var. gracilis). 


Rays five. R=124 mm.; r=19mm. R>657r. Breadth of a ray near the base, 
14 mm. 

Rays elongate, very narrow and attenuate, tapering slowly from the base to the extre- 
mity. Lateral walls rather high and vertical. Interbrachial ares wide, open, and well- 
rounded, Disk small. Abactinal area of the disk more or less inflated, especially at the 

(ZOOL, CHALL. EXP,—PART LI.—1887.) 9 
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base of the rays, convex and arched along the rays. Actinal surface of the disk promi- 
nent and tubercular at the mouth-angles, but flat and level externally and along the rays, 
forming, with the lateral wall, a sharp angular margin. 

The abactinal surface of the disk and rays is covered with small closely crowded 
paxillze, which are composed of short, cylindrical, papilliform, obtusely tipped, equal-sized 
spinelets, seven to ten, or occasionally more in each on the disk, but fewer at the extremity 
of the rays. These spinelets stand vertically, in little round brush-like groups, distinctly 
paxilliform upon the disk, but becoming very low and granule-like towards the end of the 
ray. No pedicellarize are distinguishable on the abactinal surface. 

The supero-marginal plates, forty-two in number from the median interradial line to 
the extremity, are confined entirely to the lateral wall, except perhaps a very faint bevel 
at the extremity of the ray ; and it is only here that they have a tendency to form a visible 
border to the abactinal ‘surface when viewed from above. When seen from the side the 
plates are rectangular, with the length slightly greater than the height, excepting on the 
nine or ten innermost plates on each side of the median interradial line, in which the 
height is at first slightly greater than, and then equal to, the length. On the outer part of 
the ray the length is about twice the height. Each plate bears on its upper margin a 
short, conical, sharply pointed spine, the longest about 2°5 mm. in length, and they 
decrease very slightly as they proceed along the ray. The surface of the plate is covered 
with short papilliform granules, tolerably closely placed, but especially crowded near the 
vertical margins, where they are also smaller. 

The infero-marginal plates correspond to the superior series, and their dimensions 
in the lateral wall are approximately similar. Their breadth on the actinal surface is 
greater than their length on the inner part of the ray, about equal midway between the 
extremities, and less than the length on the outer part. The junction of the actinal and 
lateral areas is more or less angular along the greater portion of the ray, but more rounded 
on the plates in the interbrachial are ; the sutures between these plates are also bevelled, 
which gives a certain convexity and appearance of distinctness to the infero-marginal plates 
in this region, which is not noticeable elsewhere. The same character is also present in the 
corresponding supero-marginal plates. Each infero-marginal plate bears a single, short, 
conical spine, similar in size and character to the supero-marginal spine. It is placed on 
the angle at the junction of the lateral and actinal planes, and is directed horizontally and 
at a slight angle towards the outer extremity. The surface of the plate is covered with 
short papilliform granules similar to those on the supero-marginal plates ; they are crowded 
and smaller near the adoral and aboral margins, and are slightly longer on the actinal area ; 
occasionally also a few at the base of the lateral spine are more definitely spiniform. 
All are invested with a delicate membrane. 

The adambulacral plates are long and very narrow, subequal in length to the infero- 
marginal plates, to which they have the appearance of corresponding more or less closely. 
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Their margin towards the furrow is straight, or very faintly convex. The armature con- 
sists of :—(1.) A furrow series of twelve short, cylindrical, papilliform spinelets, the median 
ones slightly longer than the others, slightly compressed laterally, but not square in 
section, standing parallel to one another, and forming a long but low, straight comb. The 
longest do not exceed 2 mm. in length. (2.) On the actinal surface of the plate, and close 
behind the marginal series, is a straight row of seven or eight short, subequal, papilliform 
spinelets, which are more widely spaced than the furrow series, and are also more robust, 
but not more than half their length. This series is closely pressed against the furrow 
series, and the spinelets in both are enveloped in membrane, those in the outer series being 
especially papilliform in their appearance. Along the outer margin of the plate is another 
lineal series of seven or eight small, equal, papilliform granules ; and these in consequence 
of the narrowness of the plate are very near to the series above described, but separated 
by a well-defined though very narrow naked space. No other spines, granules, or pedi- 
cellarize are present. 

On the outer third of the ray there is a slightly enlarged spinelet on the actinal sur- 
face of the plate, usually situate in the first actinal series, which is longer than any of the 
other spinelets on the plate and more robust, and sometimes equal in size to the spines on 
the marginal plates. There is no trace whatever of its presence on the plates on the inner 
half of the ray. 

The mouth-plates are large and conspicuous, the united pair being elongately oval, and 
prominently convex actinally. They protrude far over the actinostome, and as seen with 
their armature reflected perpendicularly, have a peculiar sagittiform outline. The arma- 
ture consists of a marginal series of about fourteen short, compressed, papilliform spinelets 
on each plate, all standing parallel, and capable of being directed perpendicularly to the 
plane of the actinal surface; the inner spines forming a wedge-shaped group, and the 
outer seven appearing, to a certain extent, like an independent semicircular series. On 
the actinal surface of the plate are numerous, irregularly disposed, small, papilliform 
spinelets, appearing more or less clavate in consequence of their membranous investment, 
and nearly subequal in length, except two or three larger ones at the extreme inner end 
of the mouth-angle, placed close to the marginal series of true mouth-spines, and contri- 
buting with them to the formation of the wedge-shaped group above mentioned. 

The actinal interradial areas, though small, are well developed, extend as far as the fifth 
adambulacral plate, and contain numerous intermediate plates disposed in regular series 
between the adambulacral and marginal plates. The plates bear groups of small papilliform 
spinelets, which are remarkable from the fact that each bears centrally a conspicuous 
pedicellarian apparatus, usually formed of four thickened and enlarged spinelets, the other 
spinelets of the plate or paxille being very much smaller, and forming a marginal 
surrounding series. 

The anal aperture is subcentral, but indistinct. 
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The madreporiform body is compound and of large size, though smaller than in Dytaster 
madreporifer, and not so conspicuous; for instead of being elevated as in that species, it is 
either flush with the general abactinal surface, or in a slight concavity. The area is sub- 
circular in outline, and comes very near to the marginal plates; its diameter is nearly 
6mm. The plates bear paxille of larger size, and with slightly more robust spinelets, but 
otherwise of identical character, which entirely hide the striations from superficial view ; 
and these paxillz, like the others upon the abactinal area, are devoid of pedicellariz. 

Colour in alcohol, a bleached ashy grey. 

Locality.—Station 8300. Off the coast of South America, between the island of Juan 
Fernandez and Valparaiso. December 17, 1875. Lat. 33° 42’ 0” S., long. 78° 18’ 0” W. 
Depth 1375 fathoms. Globigerina ooze. Bottom temperature 35°°5 Fahr.; surface tem- 
perature 62°°5 Fahr. 

Remarks.—This species is distinguished from Dytaster madreporifer by the coarser 
and more distinct paxilla of the abactinal surface, by the numerous large pedicellariz 
on the actinal interradial areas, and by the well-developed series of secondary spines on the 
actinal surface of the adambulacral plates. The two forms have a very different facies." 


2a. Dytaster exilis, var. gracilis, nov. (Pl. IL. figs. 3 and 4; Pl. IV. figs. 9 and 10). 


There is a single example from Station 133 which I propose to rank provisionally as a 
variety of this form, although it may afterwards be found to merit recognition as a distinct 
species. With such limited material the course I have adopted seems preferable if only 
for the purpose of indicating its near aflinity to the Dytaster exilis type. The following 
are the points of difference. 

The measurements are Rh = 85 mm.; = 16 mm.; R<5'5r. Although this example 
is smaller than the type there are a greater number of supero-marginal plates, the 
variety having forty-eight whilst the type has forty-two. Its smallness, therefore, is 
not a sign of immaturity. The rays are proportionally narrower and more delicate. 
The paxillz of the abactinal surface are smaller and form an extremely compact and 
crowded area. In the actinal interradial areas the arrangement of the intermediate or 
ventral plates is very distinct and reoular, and the plates bear a paxilliform group of 
small spinelets, much longer and more delicate than in the type; the spinelets in each 
group radiate apart, and no pedicellariz are formed, or at any rate none of the spines 
are specially modified. ‘The character of these paxilliform groups gives a very different 
appearance to the area as compared with that of the type. 

In the armature of the adambulacral plates there are seven or eight spinelets in the 
second series, and these are shorter and more delicate than in the type. Furthermore the 
solitary elongate spine which occurs in this series, extends fully to the middle of the ray, 
whilst in the type-form they are to be found only at the extremity. The characters that 
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at once distinguish the form, and may ultimately entitle it to be ranked as a distinct 
species, are the greater number of supero-marginal plates, the narrowness of the rays, the 
character of the spinulation of the actinal interradial areas, the absence of pedicellariz 
alike on this area and on the abactinal area, and finally the character of the adambulacral 
armature. The madreporiform body appears to be somewhat smaller. 

Locality.—Station 133. In the South Atlantic, west of the island of Tristan 
da Cunha. October 11, 1873. Lat. 35° 41’ 0” S., long. 20° 55’ 0” W. Depth 1900 
fathoms. Globigerina ooze. Bottom temperature 35°'4 Fahr.; surface temperature 58°-0 


Fahr. 


2b. Dytaster exilis, var. carinata, nov. 


a feature further 


This variety is characterised by the high and strongly keeled rays 
emphasised by their narrowness. The paxillze upon the disk are comparatively large and 
distinct, and composed of rather robust but low papilliform spinelets, whilst along the ray 
the paxillee become extremely small, and seldom have more than three to five papillz in 
each. ‘There are very numerous valvate pedicellarize along the margin of the abactinal 
area of the ray, and also some upon the disk. In the type-form there are no pedicellarize 
on the abactinal area. The actinal interradial areas have numerous very large well- 
developed pedicellariz irregularly arranged; the individual intermediate plates which 
cover the area are quite indistinguishable, and they bear small skin-covered papilliform 
granules. In the armature of the adambulacral plates the spines of the furrow series are 
large and thick, compressed transversely ; those of the second series are rather wide apart, 
not more than five or six being present ; they are dagger-shaped, compressed longitudinally, 
and are nearly as long as the furrow series. External to them is a row, sometimes two, 
of small papilliform spinelets or granules. The solitary enlarged spinelet in the second 
series of spines on the adambulacral plates is confined quite to the tip of the ray, where 
it is thick and stumpy. The madreporiform body is remarkably large, and with very 
coarse paxillz upon it. There are forty-two or forty-three supero-marginal plates. The 
measurements are R= 98 mm.; r= 16°5 mm. 

Young Phase.—A small example taken at the same station seems to me to belong with 
little doubt to this form. The dimensions are R= 11°5 mm.; r=3'75 mm. Its general 
appearance at first glance is very different from that of the adult, its facies and propor- 
tions resembling those of Astropecten. There is as yet no indication of the narrow carinate 
rays of the adult, There are eleven supero-marginal plates between the median interradial 
line and the terminal plate. These extend well upon the abactinal surface, their breadth 
being equal to, or even slightly greater than, their length, and they form a well-defined 
border to the abactinal surface as seen from above, the breadth a little beyond the middle 
of the ray being nearly as great as that of the intermediate paxillar area. The margins 
of the ray are well rounded. The surface of the plates is covered with small, rather widely 
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spaced, papilliform granules, and the prominent “dorsal” spines on the supero-marginal 
plates are not yet developed. The infero-marginal plates are covered’ with spiniform 
granules or thornlets longer and more pointed than those on the supero-marginal plates. 
‘There is a distinct though extremely minute lateral spine, and one or two of the thornlets 
near its base are slightly larger than the rest, especially on the outer part of the ray. 

The adambulacral plates, which are long and narrow, have their generic character 
clearly presented. There is a straight furrow series of five or six short, cylindrical, 
obtusely tipped spinelets, and behind these a secondary series of four or five similar and 
equal-sized spinelets. This uniformity in size and character is a very interesting and 
noteworthy feature in the young form. No other spinelets or granules are present on 
these plates. Several well-formed large pedicellarize occur in each of the actinal inter- 
radial areas, but I have found none elsewhere upon this young example. ‘The paxille 
of the abactinal area have already more or less of the papillose character of the adult. 

Locality.—Station 44. Off the coast of North America, east of Maryland. May 2, 
1873. Lat. 37° 25’ 0” N., long. 71° 40’ 0” W. Depth 1700 fathoms. Blue mud. 
Bottom temperature 36°'2 Fahr. ; surface temperature 56°°5 Fahr. 

Remarks.—This variety resembles the type more nearly than the variety gracilis 
does. The wide separation of the geographical positions of the type and its two varieties 
is of the greatest interest, and bears evidence to the enormous range of the Dytaster eailis 
form, and of the comparatively small amount of variation exhibited by this type in what 
may well be spoken of as extreme limits of position. The type comes from the Pacific, 
off the western coast of South America, the nearly allied variety carinata from the North 
Atlantic, off the eastern coast of the United States of America, whilst the more divergent 
variety—if, indeed, it be not a distinct species—was dredged in the South Atlantic, 
westward of Tristan da Cunha. 


3. Dytaster madreporifer, n. sp. (Pl. II. figs 3 and 4; Pl. XXXII. figs. 5 and 6). 


Rays five. R=113 mm.; r=18 mm. R=6:25 7, Breadth of a ray near the base 
(between the second and third supero-marginal plates), 14 mm. 

Rays elongate, narrow, and tapering, of massive construction, subrigid, or only with 
very slight flexibility, perfectly rectangular in section, with rather high, vertical, square- 
cut lateral walls. Interbrachial ares very wide and flatly rounded. Disk small. Abactinal 
surface of disk more or less inflated, subcarinate along the median line of the rays. 
Actinal surface of the disk prominent and tubercular at the mouth-angles, but flat and 
level externally and along the rays, forming with the lateral walls a sharp angle. 

The abactinal surface of the disk and rays is covered with small closely crowded pseudo- 
paxille, which consist of four to seven small, uniform, papilliform spinelets, cylindrical, 
and obtusely tipped, borne on small, irrecularly subcircular, squamiform bases. All are so 
short, uniform, and closely placed, that it is almost impossible to distinguish the individual 
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paxillz in an entire specimen ; and the appearance of the abactinal surface, either to the 
naked eye, or even under a low power of magnification, is that of a fine granulation. 
The pseudo-paxillee upon the disk are larger than those along the rays, in that they are 
composed of more spinelets, but this is only noticeable under magnification, for the 
character is the same throughout both on disk and rays. A number of small pedicellariz, 
formed of three or four slightly enlarged and modified spinelets, occur at intervals amongst 
the paxille, both upon the disk and along the sides of the abactinal surface of the rays. 

The supero-marginal plates, forty-six or forty-seven in number from the median inter- 
radial line to the extremity, are confined almost entirely to the lateral wall of the ray, and 
although there is a slight sharp bevel towards the abactinal surface, little more than their 
thickness is visible when viewed from above. They constitute a very narrow but remarkably 
well-defined border to the rays and disk. When seen from the sides the plates are perfectly 
rectangular, the length being slightly greater than the height, excepting the seven or eight 
innermost plates on each side of the median interradial line in which the height is at 
first slightly greater than, and then equal to, the length. Each plate bears on its upper 
margin, immediately on the angle uniting the abactinal and lateral planes, a short 
robust, conical, sharply pointed spine, not placed exactly midway between the adoral and 
aboral extremities of the plate, but rather nearer the latter. It is directed parallel to the 
vertical plane through the axis of the ray, and points towards the extremity at an angle of 
about 45° to the horizontal. The longest of these spines measures about 2°5.mm., and 
they decrease in length slightly as they proceed along the ray. The surface of the plate 
is covered with small, hemispherical, widely spaced granules, which become crowded along 
the vertical margins, and two or three embracing the base of the conical spine are often 
more or less spiniform. 

The infero-marginal plates are exactly correspondent to the superior series; their 
leneth and height in the lateral wall being the same as in the superior series on the inner 
portion of the ray, whilst the height diminishes proportionally rather more along the ray 
than in the superior series. Their breadth on the actinal surface is at first much greater, 
and afterwards only slightly. less, than the length. The lateral and actinal planes form a 
right angle, the union being sharp and scarcely rounded. Each plate bears a single, short, 
conical spinelet, similar in size and character to the supero-marginal spine. It is placed 
on the angle at the junction of the lateral and actinal planes, and is directed horizontally 
and at a slight angle towards the outer extremity. On isolated and rarely occurring plates 
two spines may be present, one rather smaller than the other. The surface of the plate is 
covered with small, widely spaced hemispherical granules, with a tendency to become 
papilliform on the actinal surface. They are crowded along the adoral and aboral margins, 
and several at the base of the lateral spine are usually definitely spiniform. 

The adambulacral plates are long and narrow, subequal to the infero-marginal plates, 
to which they appear to correspond throughout, with very few exceptions. The margin 
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towards the furrow is very slightly convex. Their armature consists of :—(1.) A furrow 
series of seven or eight moderately elongate, subprismatic spinelets, perfectly rectangular 
in section, slightly compressed laterally, and tapering slightly towards the tip, which is 
more or less pointed. The base is broad, with its greatest dimension transverse to the 
longitudinal axis of the ray; and when viewed in this aspect the tapering of the spine 
is seen to be considerable, but when viewed in the other dimension, parallel to the axis 
of the ray, the thickness of the spine is nearly uniform almost to the tip, and the tapering 
is very slight. The outermost spine at each extremity of the series is much smaller than 
the others, of which the median are the longest (about 2 mm. in length), and the rest 
decrease slightly as they recede on each side. In many cases there are not more than 
five worthy of being called marginal spinelets. The spines stand parallel and touch one 
another, the group thus forming a subtriangular or wedge-like comb, with the apex 
roundly truncate. (2.) On the actinal surface of the plate, behind the marginal series, is 
a more or less irregular row of about five or six small, cylindrical, rather widely spaced, 
subequal, papilliform granules, which in some specimens have a tendency to become more 
spiniform on a few of the plates on the inner part of the ray; and external to these is a 
second row of merely papilliform granules running along the outer margin of the plate, 
The inner eight or ten adambulacral plates, which are broader than the others, have several 
irregularly disposed papilliform granules or spinelets interspersed between the two series, 
and the regularity of the arrangement above noted is somewhat affected thereby. In the 
second lineal series, behind the furrow spines, at least along the inner half of the ray, is 
usually a small pseudo-pedicellaria, formed by two or three slightly modified papilliform 
spinelets, and its position is usually at the aboral extremity of the series, but not invari- 
ably so, neither is it always present. 

The mouth-plates are large and conspicuous, the united pair being elongately oval, and 
prominently convex or subtubercular, rising abruptly from the otherwise level interradial 
area. Their armature consists of a marginal series of true mouth-spines about nine in 
number on each plate, similar in form and character to the furrow series on the adam- 
bulacral plates. The actinal surface of the plates is echinulate, with numerous irregularly 
disposed small papilliform spinelets, which increase slightly in length as they approach the 
inner end of the mouth-plates, where, however, they are less than the marginal or true 
mouth-spines, and can scarcely be said to become definite spinelets. 

The actinal interradial areas are comparatively extensive and well-developed, reaching 
as far as the seventh or eighth adambulacral plate ; they are covered with plates bear- 
ing paxilliform groups, which form series running between the adambulacral and the 
marginal plates, although a definite order is scarcely perceptible on account of the 
crowding of the small papilliform spinelets composing them; these short papillz spring 
from a membrane which covers an apparently subcircular tabulum, and there are about 
nine or ten on each, some being central and some marginal, but with little regularity. 
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Incipient pedicellariz, formed of two or usually three modified papille, are present on 
some of the plates, 

The anal aperture is subcentral, but very indistinct. 

The madreporiform body is of enormous size and of compound structure, being 
apparently made up of a number of plates. It occupies a subcircular area extending from 
the marginal plates to nearly midway between the margin and the centre of the disk, its 
diameter being about 11mm. The surface of this area is covered with paxille, which 
are larger and more widely spaced than the paxillz of the abactinal surface generally, and 
have their spinelets radiating nearly horizontally. The striation furrows are thus hidden 
from superficial view, but may readily be seen when the spinelets are removed. The strise 
are of simple construction, and may easily be abraded. Amongst the paxille upon the 
madreporite are a considerable number of simple pedicellarize, formed of three or four 
thickened spinelets. In addition to its great size the madreporiform body is rendered 
more conspicuous by being abruptly raised above the general level of the abactinal surface, 
which causes it to have a button-like or ‘‘ put on” appearance. 

The ambulacral tube-feet have a small flatly conical termination. 

Colour in alcohol, a bleached yellowish white; with sometimes darker shades of dirty 
grey, or even patches of light brown upon the disk. 

Localities.—Station 44. Off the coast of North America, east of Maryland. May 2, 
1873. Lat. 37° 25’ 0” N., long. 71° 40’ 0” W. Depth 1700 fathoms. Blue mud. 
Bottom temperature 36°°2 Fahr. ; surface temperature 56°°5 Fahr. 

Station 45. Off the coast of North America, east of Delaware. May 3, 1873. Lat. 
38° 34’ 0” N., long. 72° 100” W. Depth 1240 fathoms. Blue mud. Bottom tempera- 
ture 87°°2 Fahr. ; surface temperature 49°°5 Fahr. 

Remarks.—This species is distinguished from all the others by its rigid rectangular 
rays, by the enormous and conspicuous madreporiform body, by the small and very com- 
pact paxille of the abactinal surface; and by the small and indefinite spinelets on the 
actinal surface of the adambulacral plates. The characters which separate it from Dytaster 
nobilis are discussed in the comparative description of that form. 


4, Dytaster nobilis, n. sp. (Pl. IIL figs. 1 and 2; Pl. XXXII. figs. 3 and 4). 


This form is nearly allied to Dytaster madreporifer, with which I at first ranked it as 
a variety. On closer study I consider it to be a distinct species. It differs from Dytaster 
madreporifer in its larger size, greater development of disk, and shorter rays, the respec- 
tive dimensions being R= 132 mm.; r=29 mm.; R= 4:5 r. The rays are broader and 
more depressed, though with a more definite median carination. The paxille are larger, 
more distinct, and with fewer spinelets, which radiate from the small tabulum, the centre 
of which is often void, and often provided with a central granuliform spinelet. The 
crown of the paxilla has the appearance of being sheathed in a continuous membrane, con- 
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sequent on the expansion of the membrane at the base of the spinelets, where they are 
attached to the tabulum. 

The supero-marginal plates are proportionally shorter than in Dytaster madreporvfer ; 
the length and height being subequal, and the former never in excess as in that species. 
They are also confined entirely to the lateral wall of the ray, and do not form a visible 
border when viewed from above. 

The armature of the adambulacral plates is much simpler. The furrow series consists 
of six or seven spines, with one very small. They are greatly compressed laterally, slightly 
curved, and of nearly uniform breadth throughout. The secondary series immediately 
behind is altogether wanting, and there are no pedicellarie. The row of papilliform 
granules along the outer margin is the only armature on the actinal surface of the plate. 

The plates of the actinal interradial areas are large, and their spinulation can hardly 
be said to form true paxille, though the character is incipient. The small papilliform 
spinelets are rather widely spaced, and appear to spring from the uniform continuous 
membrane of the flat tabula. 

The madreporiform body is of great size, occupying a circular area 12°5 mm. in 
diameter. It is not specially raised above the general abactinal surface as in Dytaster 
madreporifer. In one of the examples under notice its structure is well shown. It is 
built up of a number of plates all slightly convex, which give it an undulating character ; 
some of the plates are more or less regularly hexagonal, and have their sutures distinct, 
but frequently the sutures are obliterated. The striation furrows cover the whole of all 
the plates, and are very fine and numerous ; on some plates they are highly convoluted, on 
others simply wavy, and no definite order of direction is present. Paxille are distributed 
over the surface (more numerously in some specimens than in others), and they spring from 
the sutural junctions of the plates. Their pedicle is comparatively elongate and thin, 
and the spinelets of the crown radiate outwards, entirely hiding the striated surface of the 
madreporiform body from view when the paxille are numerous. The madreporic area is 
not quite close to the marginal plates, there being an intervening space of about 2 mm. 

Colour in alcohol, a dirty brownish ashy grey. 

Locality.—Station 325. Off the coast of South America, east of Buenos Ayres. 
March 2, 1876. Lat. 36° 44’0”S., long. 46° 1670” W. Depth 2650 fathoms. Blue 
mud. Bottom temperature 32°°7 Fahr. ; surface temperature 70°°8 Fahr. 

Remarks.—One of the specimens is interesting from bearing a colony of small, naked, 
Hydroid-like polyps on its actinal interradial areas ; the polyps are very small, isolated, 
erect and pedunculate, suggesting the appearance of an isolated, decalcified, small-crowned 
paxilla. The bases are united by delicate thread-like prolongations which pass to the 
neighbouring polyps and form a most delicate but wide-meshed reticulation amongst the 
ventral plates of the starfish. The polyps are wide apart and few in number, and are only 
to be detected with a magnifying glass, 
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5. Dytaster xquivocus, n. sp. (P]. XXXVI. figs. 5 and 6; Pl. XX XIX. figs. 10-12). 


Rays five. R=18mm.; r=475mm. R<47r. Breadth of a ray between the first 
and second supero-marginal plates, 4°25 mm. 

Rays moderately long and robust, tapering gradually from the extreme base to the 
extremity. Disk small. Interbrachial ares rather angularly rounded. Abactinal surface 
subplane, subject to slight inflation, with a central conical peak. Actinal surface plane. 
Lateral walls rather high, rounded towards the abactinal and actinal surfaces. 

The paxillz of the abactinal surface are small and well-spaced, borne on comparatively 
large basement plates, with a large, low, robust, tuberculose central eminence upon which 
the crown is attached. The crown is composed of five to eight short, equal, papilliform 
granules (occasionally with a tendency to the spiniform character), which are disposed in 
a compact group, or radiate only very slightly apart. At the sides, near the base of the 
ray, the paxillze show a tendency to be disposed in transverse series, more distinctly seen 
in some specimens than in others. The paxille are smaller on the flanks of the central 
cone and on the outer part of the rays. 

The supero-marginal plates, sixteen in number from the median interradial line to the 
extremity, are large, and form a well-defined border to the disk and rays, When viewed 
from above their breadth is slightly greater than their length—this being an apparent 
rather than a real dimension, caused by the arching or curvature of the plate toward the 
abactinal surface. The median region of the plates is slightly tumid, but there is no 
definite channel between adjoining plates as in Astropecten. The supero-marginal plates 
bear a small, low, robust, papilliform tubercle near the upper margin, the largest being in 
the median region of the ray. This tubercle is greatly aborted or absent altogether on 
the innermost plate on each side of the median interradial line, and perhaps also at the 
extremity of the ray. The surface of the plate is covered with small uniform papilliform 
granules, rather widely spaced, except at the vertical margins of the plates. 

The infero-marginal plates correspond exactly to the superior series, which are directly 
superposed, Their surface is covered with low papilliform granules, widely spaced on the 
median area on the actinal region of the plate. The plates bear on the rounded angle that 
unites the lateral and actinal areas of the test, or sometimes further upon the former, a 
small, pointed, and more or less adpressed, spinelet, directed upward and outward, and 
scarcely noticeable without a magniying glass. Up to the middle of the ray this spinelet 
may be accompanied by one or two much smaller microscopic spinelets, usually placed 
above it, and with a tendency to form a small compact vertical series or comb, adpressed 
to the ray, on the upper part of the plate near the aboral margin. 

The adambulacral plates are elongate, but also rather broad on the inner half of the 
ray, and the margin towards the furrow is convex. Their armature consists of :—(1.) A 
furrow series of five or six small but rather long, cylindrical, obtusely tipped, delicate 
spinelets, which radiate slightly apart and form a fan over the furrow. (2.) The actinal 
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surface of the plate bears small, equal-sized, obtuse, papilliform granules, which, although 
not regularly arranged throughout, usually fall into two longitudinal series, more or less 
clearly distinguishable; and some additional granules are present on the inner plates of 
the ray near the mouth. 

The mouth-plates are elongate, the united pair elliptical and prominently convex 
actinally, with the median suture widely open. Their armature consists of six to eight 
mouth-spines on each plate, all very small and subequal, excepting the innermost, which 
is large and robust, with an abruptly conical point. This spine forms with its companion 
a conspicuous pair of large spines, directed over the actinostome. A few small papilliform 
spinelets, irregular in position and number, but sometimes (and perhaps normally) forming 
a line parallel to the suture, stand on the actinal surface of the plates, those immediately 
behind the anterior spine being larger than the others. 

The actinal interradial areas are small, very narrow, and occupied by comparatively few ~ 
intermediate plates, which may extend as far as the third infero-marginal plate and the 
sixth free adambulacral plate. ‘These plates bear small papilliform granules similar to those 
on the actinal surface of the adambulacral plates. The two innermost plates on each side 
of the median line immediately behind the mouth-plates bear five or six equal, longer and 
more robust spinelets, that form a compact and conspicuous group which simulates, if it 
does not actually perform the functions of, a pedicellarian apparatus. 

The madreporiform body is very near the margin and partially concealed by paxille. 
The striations visible are coarse and few in number. 

The anal aperture is small but distinct, at the summit of the central cone. 

The tube-feet have a very minute, globular, mamelon-like terminal knob. 

Colour in alcohol, an ashy white. 

Locality.— Station 191. In the Arafura Sea, west of the Arrou Islands, September 
23,1874. Lat. 5° 41’ 0”S., long. 134° 4’ 30” E. Depth 800 fathoms. Green mud. 
Bottom temperature 39°'5 Fahr. ; surface temperature 82°:2 Fahr. 

Remarks.—In referring this Asterid to the genus Dytaster I have felt much hesitation. 
The examples are small and are probably in an early stage of growth. Their resemblance, 
however, to the young forms of those species of Dytaster with which we are acquainted 
is sufficiently near to warrant my present decision. The apparently broad border of 
the marginal plates as seen in the abactinal view, the very small and narrow actinal 
interradial areas, and the small uniform papilliform granules on the actinal surface of the 
adambulacral plates at once distinguish the form under notice from all the other species of 
Dytaster in the adult stage. The breadth of the adambulacral plates is relatively greater 
than in any of the other species in the immature or even in the adult stage. Although it may 
afterwards be necessary to remove this species to another genus, I consider that the course 
which I have followed is the best way of indicating what seem to me to be the natural 
affinities of the species until a larger supply of material is available, 
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6. Dytaster biserialis, n. sp. (Pl. X. figs. 3'and 4; Pl. XIII. figs. 3 and 4). 


Rays five R=44mm.;7r=10mm. R<4-5r. Breadth of a ray near the base, 
8°5 mm. 

Rays elongate, narrow and tapering; of a more or less rigid habit, comparatively 
thick, subquadrate in section, with vertical lateral walls. Interbrachial arcs widely 
rounded. Abactinal surface plane and level. Actinal surface of disk convex, prominent 
at the mouth-angles, and sloping thence to the margin and slightly along the ray. 

The paxillze of the abactinal surface are very small, simple, and crowded, normally 
composed of four short papilliform or almost granuliform spinelets ; often three only are 
found, and five are but rarely present. They are devoid of a central spinelet or granule. 
On the outer half of the ray the paxille are quite microscopic, more widely spaced, and their 
simplicity is more evident. On the disk and at the base of the rays a great number of 
paxillee are metamorphosed into pedicellariz, the three or four constituent spinelets being 
much enlarged, modified in form, and so placed that the tips are brought together, thus 
forming a large and powerful trivalvate or quadrivalvate pedicellaria. These form a con- 
spicuous feature on the abactinal area, and their distribution amongst the paxille is 
irregular. The pedicle of the paxilla consists of a general tubercular convexity of 
the plate. 

The supero-marginal plates, twenty-eight in number from the median interradial line to 
the extremity, form a narrow and more or less bevelled margin to the rays, the breadth being 
less than the height or the length, and the latter dimension is slightly the greatest. The 
series of plates form a continuous level surface, uninterrupted by individual convexities. 
Each plate bears a short, conical, but blunt spinelet, little more than an elongate tubercle, 
placed on the curved part of the plate and directed at an angle outwards. The surface 
of the plate is covered with very minute, widely spaced conical granules. 

The infero-marginal plates correspond exactly to the superior series, each being directly 
beneath and opposite its companion plate; their line of suture is consequently straight. 
The breadth on the inner part of the ray is a little greater than the length, but on the 
outer part the proportions are reversed. ach plate bears a single short spinelet similar 
in size and character to those on the supero-marginal plates, or perhaps a shade longer ; 
and the surface of the plate is covered with similar minute, conical, widely spaced granules. 

The adambulacral plates are long and very narrow, and with the furrow margin only 
slightly convex. Their armature consists of :—(1.) A furrow series of eight short, cylin- 
drical spinelets, the outermost on each side being shorter than the rest. (2.) Immediately 
behind the furrow series is a lineal series of six similar but rather smaller spinelets, 
running parallel to the median line of the ray. On the outer part of the ray the 
spinelets of both series become extremely short. No other spinelets or granules are 
present on the plates. 

The mouth-plates are large, elongate, narrow, and the united pair are prominently 
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convex. The median suture is more or less imperfectly closed, and is widely open on the 
outer part, sometimes partly exposing the odontophore, especially in the young form. 
The armature consists of a marginal series of nine or ten small, cylindrical, short, 
spinelets on each plate, the innermost two or three slightly longer and more robust ; 
behind this is an irregular series of very short granuliform spinelets, the innermost, 
however, being nearly as large as the innermost of the marginal series, with which they 
form a group at the mouth-angle. The rest of the plate bears a few widely disposed 
granules, more or less irregular in position, but with a tendency in some cases to form a 
lineal series ; and the surface of the mouth-plate, as a whole, has the appearance of being 
covered with widely spaced granules. 

The actinal interradial areas, though of small dimensions, contain a considerable number 
of intermediate (or ventral) plates, above fifty being present in each area. These plates 
are small, with a central, broad, low, but well-defined tubercular convexity, forming a 
pedicle upon which are borne three or four small spinelets, constituting a very simple 
paxilla. The plates form a subtransverse lineal series, running from the adambulacral 
plates to the marginal plates, and four or five plates may be counted in the longest series 
on each side of the median interradial line. No interradial plates extend beyond the 
fourth or fifth marginal plate. 

The anal aperture is superficially indistinguishable in the material examined. 

The madreporiform body is large, compound, and more or less hidden by paxille ; it 
is only separated by a narrow space from the margin. 

Colour in alcohol, a bleached greyish white. 

Young Phase.—A young example, which measures R=15°5 mm.; r—-4=4°5 mm., 
is readily recognisable even at this early stage as belonging to the species. The rays, 
however, have not quite the attenuate character of the adult, for though tapering they 
have an obtuse appearance, and the terminal plate is large and broad, whilst in the fully 
grown form it is more elongate. There are fourteen supero-marginal plates, counting from 
the median interradial line to the extremity; and they form a comparatively broader 
border on the abactinal surface. The minuteness of the paxille on the abactinal surface 
is remarkable. The anal aperture is distinguishable. The madreporiform body is very 
near the margin, and a large plate stands on its adcentral side. I have been unable to 
detect any papule. The adambulacral plates are very long and narrow, and their arma- 
ture is already essentially the same as that of the adult. There are five or six spinelets in 
the slightly curved furrow series, and a longitudinal series of four or five behind these 
form a straight line parallel to the furrow. The mouth-plates are remarkably long and 
narrow. ‘The actinal interradial areas are very small, and not more than ten to twelve 
minute plates are present in each. The lateral spinelets, or rather their incipient representa- 
tives, have a tendency to be placed near the aboral margin of the infero-marginal plates. 

Locality.—Station 79. Between the Azores and Madeira, July 11, 1873. Lat. 
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36° 21’ 0” N., long. 23° 31’ 0” W. Depth 2025 fathoms. Globigerina ooze. Bottom 
temperature 35°°9 Fahr. ; surface temperature 71°°5 Fahr. 

Remarks.—This species, by reason of its comparatively short and tapering rays, has a 
somewhat different facies from that of the other members of the genus; and I felt at first 
some hesitation in placing it along with them. The length and narrowness of the adam- 
bulacral plates and the character of their armature show, however, an unmistakable 
alliance with Dytaster. The general characters of the abactinal surface and of the mar- 
ginal plates also furnish confirmatory support as to this view of its classification. It is 
for the present undesirable to damage the solitary adult specimen by dissection to ascer- 
tain what evidence might be derived from its anatomy. The depth at which this species 
was dredged is worthy of note (2025 fathoms). 


7. Dytaster inermis, n. sp. (Pl. X. figs. 5 and 6; Pl. XIII. figs. 5 and 6). 


Rays five R=16mm.; r=5mm. R>37. Breadth of a ray between the second 
and third supero-marginal plates, 4°25 mm. 

Rays rather short, broad at the base, and tapering continuously to the extremity. 
Lateral walls low, and rounded at the junction with the actinal and abactinal surfaces. 
Interbrachial arcs rather acutely rounded. Abactinal surface plane, sloping slightly from 
the base to the extremity of the rays. Actinal surface plane. 

The paxillee of the abactinal surface are very small and widely spaced, composed of 
three to five short, delicate, spinelets of equal leneth, each with several denticles at the 
tip. The spinelets radiate very little apart, and form a rather compact paxilla, the base 
of which is comparatively robust. ‘There is no central spinelet. On the outer part of the 
rays the paxille are very small, with seldom more than three or four spinelets. Near the 
margin, and at the base of the rays, a number of paxillee are modified into a comparatively 
robust, valvate, pedicellarian apparatus. 

The supero-marginal plates, fifteen in number from the median interradial line to the 
extremity, form a narrow but distinct border to the disk and rays, slightly rounded 
marginally when viewed from above. The plates are small, and their length is slightly 
greater than their breadth throughout. The height of the plates is less than the length. 
except in three or four of the innermost plates in the interbrachial arc, in which the 
height is considerably greater. The surface of the plates appears to have been covered 
with very minute, short, delicate, microscopic spinelets, widely spaced ; but a great number 
have been abraded, leaving, where this has occurred, a peculiar spongy-looking surface of 
plate exposed. There are no large spines, nor is any trace of their existence present. The 
terminal plate is large, slightly swollen laterally at the proximal extremity, and indented 
for a short distance by the paxillar area in the median radial line. 

The infero-marginal plates correspond exactly to the superior series, and their surface 
is covered with similar widely spaced microscopic spinelets, which have been much 
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abraded (?). On some of the plates on the inner part of the ray there is a small rudi- 
mentary lateral spinelet, which, although much larger than the other spinelets on the plates, 
is scarcely discernible without a magnifying glass. This does not appear to be present on 
all the plates, and I find no trace of its existence on the outer part of the ray. In the 
interbrachial arcs two or three plates bear very large pedicellarian apparatus formed of 
three or four comparatively long and robust spines. This is usually placed near the 
junction of the infero-marginal with the supero-marginal plates; and there may occa- 
sionally be one similarly placed further out on the ray. 

The adambulacral plates are long and very narrow, with the furrow margin very faintly 
convex. Their armature consists of :—(1.) A furrow series of five or six short, cylindrical, 
obtusely tipped spinelets, subequal in size, except the outer one of the series, which is 
sometimes smaller. ‘They appear to stand parallel to one another, forming a compact 
series, and the successive series are widely spaced apart. (2.) Immediately behind the 
furrow series, on the actinal surface of the plate, is a lineal series of three or four spinelets 
precisely similar in size and form, closely appressed to the furrow series ; and there are no 
other spinelets or granules on the adambulacral plates. 

The mouth-plates are large and elongate. The pair together are slightly convex 
actinally, and the median suture is widely open. The armature consists of a marginal 
series of nine or ten small, short, obtuse, papilliform spinelets on each plate, the innermost 
one of which is rather larger and more robust than the others. On the actinal surface of 
the plates are a few irregularly placed papilliform granules, showing to a certain extent a 
tendency in places to form a second series behind the marginal series; one or two of the 
papilla at the anterior end of the plate are larger than the others. 

The actinal interradial areas are remarkably small and limited ; and there are not more 
than from four to six very small intermediate plates in each. These plates bear small, 
isolated, papilliform granules, and there may be two or more pedicellarian apparatus, 
similar to those described in the interbrachial arcs, in each area. 

The tube-feet have a terminal knob, which is large when compared with the small size 
of the Asterid. 

The anal aperture is slightly excentrie and difficult to distinguish. 

The madreporiform body is rather large; and with very coarse striations, and is situated 
close to the marginal plates. It is more or less concealed by paxille. 

Colour in alcohol, clear white. 

Locality.—Station 198. In the Celebes Sea, between Celebes and Mindanao. October 
20, 1874. Lat. 2° 55’ 0” N., long. 124° 53’ 0” E. Depth 2150 fathoms. Blue mud. 
Bottom temperature 38°°9 Fahr. ; surface temperature 85°'0 Fahy. 

ftemarks.—There seems to me little doubt that this is an immature specimen. Still it 
is very distinct from any species hitherto known, and its characters have appeared to me 
sufficiently well-marked to justify its recognition by name. At first sight the marginal 
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plates appear to form too broad a border on the abactinal surface for this genus; but we 
find that in the young stages of other species of this genus (e.g., in Dytaster biserialis and 
Dytaster exilis) the supero-marginal plates form a definite border in the immature phase, 
even when they are confined entirely to the lateral wall in the adult. In like manner the 
very small and limited actinal interradial areas seemed at first to throw doubt upon the 
correctness of the reference of this example to Dytaster, but this again is found to be war- 
ranted by the early condition of other species. The character of the adambulacral plates 
and their armature, the character of the abactinal paxille and of the pedicellariz, accord 
perfectly with those of Dytaster. On these grounds I have placed it in this genus, and 
consider that it is probably nearly allied to Dytaster biserialis. 

The form, as we know it at present, is readily distinguished from all the other members 
of the genus by the unarmed marginal plates, the character of the abactinal paxille, and 
the simple armature of the adambulacral plates. 


Genus Plutonaster, Sladen. 
Plutonaster, Sladen in Narr. Chall. Exp., 1885, vol. i. p. 610. 


Disk comparatively large and flat. Rays usually elongate, more or less rigid. 

Marginal plates rectangular ; the supero-marginal plates thick and massive, forming a 
well-defined and often broad border on the abactinal surface. The plates of the superior 
and inferior series directly superposed, contingent horizontal margins straight. The supero- 
marginal plates usually devoid of spines; the infero-marginal plates frequently with one 
small rudimentary spine, but even this is sometimes aborted or absent altogether. The 
general surface of the plates of both series covered with small papilliform granules. 

Abactinal area with small closely packed pseudo-paxillz. No definite medio-radial line ° 
of plates. Papulz generally distributed. Abactinal plates at the sides of the ray arranged 
in more or less definite obliquely transverse series. 

Actinal interradial areas large, with numerous well-defined intermediate (ventral) 
plates, arranged in regular columns, the breadth of the plates decreasing as they approach 
the margin. 

Armature of the adambulacral plates consisting of :—(1.) A longitudinal furrow series 
of short, subequal, cylindrical spinelets, sometimes radiating slightly apart. (2.) Two or 
more longitudinal series of papilliform granules on the actinal surface, the innermost occa- 
sionally spiniform. One large conical spinelet may be present on the actinal surface, but 
frequently only on plates near the extremity of the ray. In some forms (the subgenus 
Tethyaster) the armature of the actinal surface of the adambulacral plates is disposed in a 
co-ordinated group rather than in definite longitudinal series, and in these cases it is 
usually more distinctly spiniform in character. 

Madreporiform body large, sometimes compound, placed about its own diameter distant 


from the margin, more or less concealed by paxillee (except in the subgenus Zethyaster). 
(ZOOL, CHALL. EXP,—PART LI.—1887.) 11 
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No pedicellariz are present. 

Anal aperture subcentral. 

Actinostome nearly closed by the mouth-plates. 

Remarks.—In this genus is included the handsome North-Atlantic form to which Sir 
Wyville Thomson gave the name of Archaster bifrons. It differs in some respects from the 
majority of species which I place in the genus, especially in the character of the adambu- 
lacral armature, and in the-spinulation of the plates of the actinal interradial areas. The 
marginal plates are also more conspicuously armed. In so far, however, as the adam- 
bulacral armature is concerned, it will be found to correspond with the earlier stages of 
the armature in the majority of species of Plutonaster, and the characters of which are 
still exhibited on the plates near the extremity of the ray. After careful study I see 


no reason for separating this Asterid from the other forms which I have grouped together 
under the name of Plutonaster. 


The two starfishes which have long been known under the names of Astropecten 
subinermis, Philippi sp., and Archaster parelii, Diiben and Koren, are in my opinion 
very close allies of the present group of species. They exhibit, however, several constant 
differences which seem to me of a secondary character, and | have therefore placed them 


in a subgenus (Zethyaster) under Plutonaster, to which reference will be made on a 
succeeding page. 


Synopsis of the Species included in the Genus Plutonaster herein described. 


I. Madreporiform body compound, hidden. Adambulacral armature in parallel longi- 
tudinal series: granuliform on the actinal surface. Adambulacral plates long 
and narrow. 

A. Supero-marginal plates with a prominent dorsal spine | 
B. Supero-marginal plates devoid of dorsal spines. 
a, Infero-marginal plates armed with a spine. Rays elongate. 
a. Large marginal plates. Paxille tabulate and compact. No tubercie 
on the supero-marginal plates. Granulation of the marginal = 
plates truncate and obtuse. 

#, Supero-marginal plates broader than the paxillar area. Secon- 
dary adambulacral armature with a well-developed row of 
spinelets ; those external in groups on each cae (two or 
three groups) . : : : marginatus. 

8. Supero-marginal plates narrower than the parillsa area. Secon- 
dary adambulacral armature all granular, subequal, equi- 
distantly spaced, not grouped . 6 : . 5 ; rigidus. 

b, Small marginal plates. Paxille simple, radiating. Conical tubercle 
on the supero-marginal plates. Granulation of marginal plates 
conically pointed . - é : > . ambiguus. 
b. Infero-marginal plates devoid of a spine, or wali W. ith a minute arent in 
old age. Rays short and thick. 
a. Disk broad, rays narrow 
b, Disk small, rays broad 


5 : bifrons. 


3 notatus. 
abbreviatus. 
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II. Madreporiform body simple, exposed, Adambuiacral armature all spiniform, in co- 
ordinated groups, subastropectenoid. Adambulacral plates broad. (Zethyaster.) 
A. Rays long. Marginal plates seventy to eighty in the adult. : , ; subinermis. 
B. Rays short. Marginal plates twenty to thirty in the adult. : ; ; parelit. 


Chorology of the Genus Plutonaster. 


¢ 


a, Geographical distribution :— 
Artantic: Five species between the parallels of 75° N. and 10° 8. 

Plutonaster rigidus and Plutonaster rigidus, var. senuarmata, off 
the east coast of the United States of America. Plutonaster abbre- 
viatus and Plutonaster notatus, in the neighbourhood of the Azores. 
Plutonaster bifrons in the Faerde Channel, off the coast of Portugal, 
and off the coast of North America (the latter occurrence on the 
evidence of a single immature specimen, which might belong to a 
variety). This species has also been obtained ( fide Norman’) in the 
Barents Sea between Spitzbergen and Nova Zembla, in lat. 73° 41’ 
12” N., long. 22° 58’ 30” E., at a depth of 210 fathoms. The 
examples are stated to be young. Plutonaster marginatus in the 
South Atlantic, near the Island of Ascension. 


Pactric: One species between the parallels of 30° and 40° S. 
Plutonaster ambiguus, off the east coast of Australia, near 


Sydney. 


8. Bathymetrical range : 210 fathoms to 1360 or 1700? fathoms. 

All the species except Plutonaster marginatus belong exclusively to the 
abyssal zone. Of the remaining five, two only, Plutonaster bifrons and Pluto- 
naster ambiguus, have been found in depths less than 1000 fathoms. 

Greatest range of one species : Plutonaster bifrons, 210 to 1360 fathoms. 


y. Nature of the Sea-bottom: Two species, Plutonaster rigidus and Plutonaster 
bifrons, are found on the Blue mud, and Plutonaster bifrons is also found on 
Globigerina ooze. Plutonaster ambiguus is found on Green mud. Plutonaster 
notatus is found on Pteropod ooze; the nearly allied Plutonaster abbreviatus 
on Voleanic mud. Plutonaster marginatus on Volcanic sand. 


1 In W. 8. M. D'Urban on the Zoology of Barents Sea, Ann. and Mag. Nat. Hist., ser. 5, vol. vi., 1880, 


p. 260. 
2 The uncertainty in the limit of greatest depth arises from not knowing at which of two stations Plutonaster 


rigidus was dredged. 


84 THE VOYAGE OF H.M.S. CHALLENGER. 


Chorological Synopsis of the Species. 


Ocean. Range in Fathoms. | Nature of the Sea-bottom. 
= = —_ | 
Plutonaster abbreviatus : . | N. Atlantic. 1000 | Volcanic mud. 
Plutonaster ambiguus . : ..| S. Pacific. 950 | Green mud. 

Bh ed pars ‘ 6 { Globigerina ooze. 
Plutonaster bifrons . : | N. Atlantic. | 210 to 1360 | | Blue a (1340 fathoms). 
Plutonaster marginatus : . | S. Atlantic. 425 | Voleanic sand. 
Plutonaster notatus . : . | N. Atlantic. 1000 Pteropod ooze. 

| Plutonaster rigidus  . : . | N. Atlantic. 1700 or 1240! | Blue mud. 
Plutonaster rigidus,var. semiarmata | N. Atlantic. | 1340 or 13501 | Blue mud. 


1. Plutonaster bifrons, Wyville Thomson, sp. (Pl. XL. figs. 1-4; Pl. XIII. figs. 9 
and 10). 
Archaster bifrons, Wyville Thomson, 1873, The Depths of the Sea, p. 122, figs. 17 and 74. 


Rays five R=90mm.; r= 21mm. R<4‘5r. Minor radial proportion 23°3 per 
cent. Breadth of a ray near the base, 25 mm. 

Rays elongate, moderately broad at the base, tapering continuously to a finely pointed 
extremity. Interbrachial ares widely rounded. Lateral walls vertical. Abactinal surface 
plane, or slightly inflated. Actinal surface subplane, highest at the mouth-angles, and 
sloping thence to the margin and along the rays. 

The paxillee of the abactinal surface are minute and crowded; and are composed of 
twenty to twenty-five short papilliform spinelets—five or six in the midst of each crown 
being more robust than the rest. 

The marginal plates are large, well-defined, and conspicuous. The supero-marginal 
plates, thirty-three in number from the median interradial line to the extremity, form a 
well-defined border on the abactinal surface. They are about as broad as high, and covered 
with granules, which become subconical in form on the lateral half of the plate. Each 
supero-marginal plate bears a single, moderately long, conical pointed spinelet, which 
stands on the rounded angle of the plate, and is directed outward almost horizontally. 
Sometimes this spinelet may be redoubled on two or three plates near the middle of the 
ray. ‘The sutures between the plates are well-defined. 

The infero-marginal plates correspond to the superior series, and are similar in every 
respect, covered with similar subconical granules, and each with a similar and equal-sized 
spinelet directed horizontally. The supero-marginal spines diminish in size towards the 
interbrachial arc and towards the extremity, and also the infero-marginal spines, but in a 
less degree. The largest spmes are consequently about midway on the ray. 


1 The exact station is not known: an alternative record being given. 
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The adambulacral plates form a straight or very faintly festooned margin to the furrow. 
Their armature consists of—(1.) A furrow series of nine or ten rather elongate spinelets, 
which are slightly compressed, not tapering, and with rounded extremities. The middle 
spines are largest, and those at the end of the series diminish by gradation, the outermost 
being small and setiform. The spinelets form straight series, and stand almost parallel 
to one another, radiating very slightly. (2.) On the actinal surface of the plate, behind 
the furrow series, stands a single large, conical, sharply pointed spinelet, nearly as large and 
robust as the lateral spines. There are a few minute setiform spinelets irregularly disposed 
on the actinal surface of the plate on each side of the large spine and along the outer 
margin of the plate. 

The mouth-plates are large, and the united pair are prominently convex actinally, form- 
ing a rather low but well-defined elliptical-shaped tumidity. Their armature consists of a 
marginal series of ten to twelve short mouth-spines on each plate. These increase slightly 
in length as they proceed inwards, and the longest are not greater than the largest spines 
in the furrow series of the adambulacral plates. The actinal surface of the plate is covered 
with numerous short, papilliform spinelets, which increase in size and robustness at the 
inner end of the plates, those at-the extremity being quite equal in length to the mar- 
ginal series and even slightly more robust. These larger spinelets are crowded at the 
extremity. There is no representative on the mouth-plates of the large isolated secondary 
spine on the actinal surface of the adambulacral plates. 

The actinal interradial areas are large. The intermediate or ventral plates, which 
are small, numerous, and regularly quadrate, are arranged in lineal series or columns 
extending from the adambulacral plates to the marginal plates—the breadth of the 
columns at their inner extremity corresponding to the leneth of the adambulacral plates, 
but contracting as they proceed outward, in consequence of the diminution of the size of the 
plates. The intermediate plates are covered with papilliform granules or spinelets, and 
each of those in the area of the disk bears a single, moderately robust, conical pointed 
spinelet, springing from the midst. 

The anal aperture is subcentral and distinct. 

The madreporiform body is obscured by paxille, and these being more widely spaced 
in its vicinity indicate the position of the body, which is rather nearer the margin than 
midway between the centre and the margin. 

The terminal (ocular) plate is minute. 

The tube-feet are conical, with a very minute, conical, mamelon-like termination, and 
there is no sucker-disk. 

Colour in alcohol, a bleached ashy-grey, and often with a more or less ochraceous 
shade on the actinal interradial areas. 

Young Phase.—In its early stages this species has a very different appearance from 
that presented by the adult, the rays being short and triangular, and the marginal con- 


86 THE VOYAGE OF H.M.S. CHALLENGER. 


tour little more than stellato-pentagonal. The smallest example I have seen measures 
R= 45 mm., 7 = 2°5 mm., and has six supero-marginal plates, and seven infero-marginal 
plates. ‘These are all broader than long, and there is as yet no trace of the “ dorsal” spine 
on the supero-marginal plates. At the extremity of the odd terminal plate there is a single 
tapering pointed spine standing on the median radial line, and directed outward ; and one on 
each side at a lower level. The infero-marginal plates bear a well-developed lateral spine, 
which is comparatively robust and pointed. The adambulacral plates, which are long and 
narrow, have a marginal series of spinelets which radiate over the furrow, about five in 
number near the mouth, but not more than three near the extremity ; external to these, 
on the actinal surface of the plate, is a lineal series of three or four papilliform granules, 
equal sized. There is no large conical spine on the actinal surface of the plate, but near 
the extremity of the ray the aboral spinelet of the marginal series is much larger than 
the others. The mouth-plates are elongate and ploughshare-shaped ; the suture between 
the two plates of a pair is not closed ; and the odontophore is exposed. There are at 
least eight intermediate plates in each actinal interradial area, three on each side of the 
median interradial line, each of which touches the marginal plates, and a fourth intervenes 
between the innermost of the three and the mouth-plates. These plates bear small, equal, 
papilliform granules. 

At a little older stage, when the measurements are R=7°5 mm., 7=3 mm., there are 
nine supero-marginal plates and ten infero-marginal plates, and the supero-marginal 
plates bear a low conical papilla—the rudiment of the future dorsal spine. The char- 
acters of the adambulacral plates, mouth-plates, and intermediate plates are essentially 
the same as described above. On two or three of the innermost adambulacral plates 
there are indications of the future prominent large conical spine on the actinal surface, 
but on the outer part of the ray the large spine is in the marginal series and at the aboral 
end, ‘There are twelve or fourteen plates in the actinal interradial areas. 

When the measurements are R = 11 mm.,7 = 4 mm., there are fourteen supero-marginal 
plates, and, excepting the greater length of the ray and the increase in the number of 
plates in the actinal interradial area (at least twenty-four being present), there is not 
a great change from the characters noted in the preceding stage. 

When a little larger, with the radial proportions of R = 12°5 mm., r= 4:25 mm., 
and fifteen supero-marginal plates are present, the adambulacral plates are distinctly 
beginning to assume the characters of the adult form. The large conical spine is well- 
developed, although it does not yet occupy the central position on the actinal surface. 

When the young Asterid has attained the dimensions of R = 18 mm., and r = 5°25 
mm., its characters are sufficiently marked to leave little if any doubt as to the species, 
if such a specimen were dredged singly. 

With a major radial dimension of 41 mm. and r =10 mm. there is still no trace of 
the central conical spine on the plates of the actinal interradial areas in a specimen from 
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this station off the coast of Portugal. But they are strongly developed in a specimen 
measuring R = 63 mm., which has twenty-eight supero-marginal plates, It is further to be 
noticed that in the last-named example the large widely spaced granules on the median area 
of the infero-marginal plates are for the first time conspicuous ; all the papilliform granules 
being more or less subequal in size and in distance apart in the earlier stages. The 
tube-feet have a small but distinct terminal knob. 

Locational Variation.—In a series of specimens dredged by H.M.S. “Triton” (Station 
11) there are distinct indications of the central conical spinelet on the actinal interradial 
plates when R= 37 mm. andr =10°5 mm. The rays are also less attenuate and broader 
at the base, and the disk is larger than in the example from the more southern station. 
There are twenty-five supero-marginal plates, and their length is rather less than in the 
example mentioned above which measures R=41 mm., the number of plates being the 
same in both. The adult specimens from this locality appear to have generally a larger 
disk than other examples which I have examined. 

Localities —Challenger Expedition : 

Station off the coast of Portugal, January 1873. (Exact date and locality not given. 
The label accompanying the specimens is simply marked, “Off coast of Portugal, Stn. I. 
to VII.” On referring to Sir Wyville Thomson’s Voyage of the Challenger, The Atlantic, 
vol. i. p. 182, et seq., I infer from the context that these examples were probably taken at 
Station V.) 

Station V. South of Cape St Vincent. January 28, 1873. Lat. 35° 47’ 0” N., long. 
8’ 23’ 0” W. Depth 1090 fathoms. Globigerina ooze. Bottom temperature 38°°5 Fahr. ; 
surface temperature 61°-0 Fahr. 

Station 47. Off the coast of North America, east of Massachusetts. May 7, 1873. 
Lat. 41° 14’ 0” N., long. 65° 45’ 0” W. Depth 1340 fathoms. Blue mud. Surface tem- 
perature 42°°0 Fahr. A young example of this (7) species. (See remarks below.) 

“Porcupine” Expedition : 

Station 19. West of Donegal Bay. Lat. 54° 53’N., long. 10° 56’ W. Depth 1360 
fathoms. Bottom temperature 3°:0 C. ; surface temperature 12°°6 C. 

Station 57.‘ In the Faerde Channel. Lat. 60° 14’ N., long. 6°17’ W. Depth 632 
fathoms. Bottom temperature 0°:8 C.; surface temperature 11°'1 C. 

Station 58.7 In the Faerdée Channel. Lat. 60° 21’ N., long. 6° 51 W. Depth 540 
fathoms. Bottom temperature 0°°6 C.; surface temperature 10°°6 C. 

“Knight Errant ” Expedition : 

Station 8. In the Faerée Channel. August 17,1880. Lat. 60° 3’ N., long. 5°51’ W. 
Depth 540 fathoms. Ooze. Bottom temperature 29°:2 Fahr. ; surface temperature 56°°5 
Fahr. 


1 These occurrences are cited in Sir Wyville Thomson’s Depths of the Sea. I have not seen the 
specimens. 
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“Triton” Expedition : 

Station 10. In the Faerée Channel, August 24, 1882. Lat. 59° 40’ N., long. 7° 
21’ W. Depth 516 fathoms. Bottom temperature 46° Fahr. 

Station 11. In the Faerde Channel. August 28, 1882. Lat. 59° 29’N., long. 7° 
13’ W. Depth 555 fathoms. Bottom temperature 45°°5 Fahr. 

Remarks.—This species is readily recognised by the well-developed spines on the 
supero-marginal plates and the central conical spine on the intermediate or ventral plates 
in the actinal interradial areas. 


la. (?) Plutonaster bifrons, Wyville Thomson, sp., juv. 


There is a single small example from Station 47a, about which I feel some doubt. It 
1s an immature specimen measuring R=12°5 mm.,7=5 mm., and there are fourteen 
supero-marginal plates. Excepting that the rays are broader at the base and less 
attenuate, and that the disk is larger, this juvenile accords so closely in all particulars of 
detail with a similar sized specimen of Plutonaster bifrons, that if it does not actually 
belong to the type-form of that species there need be little hesitation in regarding it as the 
young of a very nearly related variety. I cannot think that it is a distinct species. As 
the adult form has not to my knowledge been met with hitherto in the North-American 
region, further material is obviously necessary before anything definite can be arrived at 
with respect to this immature specimen. I have remarked on broad-disked specimens 
(shown both in the young and fully grown state) dredged by the “Triton,” but have seen 
no reason to give a name to the variety. 


2. Plutonaster marginatus, n. sp. (Pl. XIV. figs. 1 and 2; Pl. XV. figs. 1 and 2). 


Rays five R=57 mm.; 7r=165 mm. R<385r. Breauth of a ray between the 
third and fourth supero-marginal plates, 13 mm.; midway along the ray, 8 mm. 

Rays moderately elongate, rather broad at the base, and tapering towards the extremity, 
which is attenuate. Depressed and comparatively flat, rather thin, and angularly rounded 
laterally. Interbrachial ares wide and well-rounded. Disk rather large ; abactinal paxillar 
area slightly below the level of the marginal plates, probably capable of some inflation. 
Abactinal surface slightly conically convex centrally ; with a sharp and abrupt median 
carination along the inner part of the ray. Actinal'surface subplane. General form 
rather thin and depressed. 

The abactinal surface of the disk and rays 1s covered with numerous, rather small, 
closely crowded, and uniform paxill. These have a broad tabulum, upon which are 
borne twelve to twenty (about fifteen most usually) low and only slightly papilliform, 
rather large, granules, five or six being central and slightly larger than the surrounding 
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circlet. In the central region of the disk, along the median radial line, and upon the 
whole of the outer two-thirds or more of the rays, no order of arrangement is discernible. 
In the abactinal interradial areas, on the region adjacent to the marginal plates, the paxillze 
are disposed in regular lineal series, the lines of which, if produced beyond the margin, 
would meet at a point in the prolongation of the median interradial line. Eight or nine 
paxille may be counted in the series adjacent to the median interradial line, and the 
paxille in each series decrease slightly in size as they approach the margin. his arrange- 
ment extends only a very short distance outward beyond the base of the rays. 

The supero-marginal plates, twenty-three or twenty-four in number from the median 
interradial line to the extremity, are large, and form a broad and very conspicuous margin 
to the disk and rays. On the innermost plates in the interbrachial arc the breadth is more 
than twice the length, but gradually diminishes until these dimensions are subequal, a 
proportion which is then maintained throughout the ray. The width of the paxillar area 
midway along the ray is slightly less than the breadth of the supero-marginal plate. The 
outer surface of the plate is regularly curved or arched, and forms a slightly bevelled 
rounding to the abactinal area; and on the inner part of the ray there is also.a trace of a 
median convexity along the breadth of the plate. The supero-marginal plates bear no 
spines, but their surface is covered with very numerous small granules, uniform through- 
out, which, though closely crowded, do not touch one another. The suture-lines between 
successive plates are well defined by a distinct channel; and this in the interbrachial 
are is rather deep and emphasised by the convexity of the plates. 

The infero-marginal plates correspond exactly to the supero-marginal series, and their 
length is the same; their height in the lateral view is slightly greater than the length 
in the inner part of the interbrachial arc, but speedily becomes less than the length, the 
proportion being about two-thirds midway along the ray and outwards. Their breadth 
on the actinal surface is more than twice the length on the innermost plates in the inter- 
brachial are, but gradually diminishes along the ray, until the dimensions become subequal 
near the extremity. The rounding of the plates externally is rather sharp and abrupt, 
and the infero-marginal plates are a shade more prominent than the superior series, 
which causes them to be just visible when the starfish is viewed from above. Each plate 
bears a single, short, robust, conical spinelet, about a millimetre in length, which is placed 
on the rounding, centrally between the adoral and aboral margins of the plate in the inter- 
brachial are, but gradually travels nearer to the aboral margin as the plates proceed along 
the ray. The surface of the plate is covered with numerous, very small, uniform granules, 
similar to those on the supero-marginal plates ; and the suture lines between the successive 
plates are well defined by channels. 

The adambulacral plates are longer than broad, and have the furrow margin slightly 
convex. Their armature consists of :—(1.) A furrow series of seven or eight short, cylin- 


drical, faintly clavate, spinelets ; the outermost at each extremity of the series smaller 
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than the rest, which are subequal in lencth. When standing upright they are parallel to 
one another, and when directed over the very narrow ambulacral furrow, radiate only to a 
slight degree, often not at all. The succeeding combs thus formed are distinctly spaced. 
(2.) On the actinal surface of the plate is borne a lineal series of three or four subclavate 
or subfusiform, papilliform, spinelets, parallel to and close behind the furrow series. These 
are more robust, but slightly shorter, than the marginal series, and are well spaced apart. 
External to these, and with a well-defined space between, are two irregular series of short, 
robust, obtuse, papilliform granules, which have a tendency to associate themselves into 
groups of three or four, suggestive (but probably nothing more) of incipient pedicellariz. 
Occasionally on the larger plates one or two supplementary thornlets or papilliform granules 
may be present between these groups and the papilliform series of spinelets next to the 
marginal series. On the outer fourth of the ray the adambulacral plates bear a single 
conical-pointed spinelet, external to the furrow series, which increases in size as the 
extremity is approached. No trace of this spine is found on the plates along the inner 
part of the ray. 

The mouth-plates are small and narrow ; the united pair have an elongate elliptical 
outline, and are slightly convex actinally. Nearly half their length is free and protrudes 
over the actinostome, which they can completely close in. Their armature consists of a 
marginal series of nine or ten, or more, short papilliform mouth-spines on each plate, which 
decrease in length as they recede from the mouth, and stand upright and parallel to one 
another on the free margin. The actinal surface of the plate is covered with numerous 
papilliform granules which increase in length and robustness as they approach the 
inner extremity, where they are very robust and definitely papilliform, even longer than 
the marginal series of true mouth-spines. 

The actinal interradial areas are large and well-developed, and intermediate plates extend 
up to nearly half the length of the ray, the outer ones, however, being very narrow and 
long. The areas are occupied by well-defined plates arranged in regular series or columns, 
extending from the adambulacral to the marginal plates. The innermost plate of each 
series 1s normally subequal in breadth to the adjacent adambulacral plate, and the columns 
diminish in breadth as they proceed towards the margin; but the columns generally in- 
crease in breadth as they proceed along the ray, whilst their length diminishes pari passu, 
hence the narrow band-like plates on the outer part of the actinal area noticed above. 
The surface of the plates is covered with numerous small papilliform granules, nearly 
similar to those -on the actinal surface of the adambulacral plates, disposed in regular 
subrectangular groups, each group marked out from its neighbours by distinct channels, 
and indicating conspicuously the regularity of the arrangement of the plates. ‘There is 
usually on each plate a group of three or four papilliform granules slightly larger than the 
others, simulating an incipient pedicellaria, similar to those mentioned on the adambulacral 
plates ; and in some cases two such groups are present. 
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The anal aperture is subcentral and large, but no modification occurs in the surround- 
ing paxillee. 

The madreporiform body is entirely obscured by paxille, a group of five or six larger 
than any of the others marking its position, which is rather nearer the marginal plates 
than midway between them and the centre of the disc. The madreporiform body is of 
large size ; and appearances lead to the inference that it is compound. 

The ambulacral tube-feet are conical, with a very small mamelon-like termination. 

Colour in alcohol, a bleached ashy white, rather darker and greyish on the paxillar area. 

Locality Station 343. South-west of the Island of Ascension. March 27, 1876: 
Lat. 8° 3’ 0” S., long. 14° 270” W. Depth 425 fathoms. Volcanic sand. Bottom tem- 
perature 40°°3 Fahr. ; surface temperature 80°'8 Fahr. 

Remarks.—This species is readily distinguished by its broad supero-marginal plates, 
and by the row of well-developed spinelets on the actinal surface of the adambulacral 
plates, immediately behind the furrow series; as well as by the incipient grouping of 
the outer granules on the actinal surface of the plate. 


3. Plutonaster rigidus, n. sp. (Pl. XIV. figs. 3 and 4; Pl. XV. figs. 3 and 4). 


Rays five R=80 mm.;7r=21mm. R<4,r. Breadth of a ray between the fourth 
and fifth supero-marginal plates, 16 mm. ; midway along the ray, 9°75 mm. 

Rays elongate and rather narrow, tapering from the base to the extremity. Inter- 
brachial arcs very open, with a wide well-rounded curvature. Rays depressed and fiat, 
lateral walls nearly equally rounded abactinally and actinally. Disk comparatively large. 
Abactinal and actinal surfaces subplane, the latter slightly prominent at the mouth-angles. 
Abactinal surface faintly carinate along the median radial line. The general form has 
consequently a flat appearance and is of nearly uniform thickness throughout, excepting 
towards the end of the rays. 

The abactinal surface of the disk and rays is covered with numerous, rather small, 
compact, closely crowded, uniform paxille. These bear on a low broad tabulum from ten to 
twenty papilliform granules, two to five or sometimes even more being central. Although 
closely crowded the individual paxillee may be more or less clearly distinguished. In the 
central region of the disk, along the median radial line, and upon the whole of the outer 
two-thirds of the rays, no order of arrangement is discernible. In the abactinal inter- 
radial areas, on a region adjacent to the marginal plates, the paxillee are disposed in lineal 
series, the lines of which if produced beyond the margin would meet at a point in the 
prolongation of the median interradial line. These series do not extend far along tlie 
basal portion of the ray, and gradually diminish in length as they recede from the median 
interradial line. 

The supero-marginal plates, thirty-one in number from the median interradial line to 
the extremity, are rather large, and form a conspicuous and well-rounded border to the 
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disk and rays. When viewed from above, their breadth on the abactinal surface is sub- 
equal to their length, slightly greater in the interbrachial arc, and slightly less at the 
extremity of the ray. Viewed laterally, the height is rather greater than the length in the 
interbrachial are, but gradually diminishes until on the outer part of the ray it is rather 
less than the length. The width of the paxillar area midway along the ray is a shade 
more than twice the breadth of the marginal plates. The outer surface of the supero- 
marginal plates is a well-rounded uniform curve without any tumidity, and the series of the 
plates consequently forms a flush surface. The supero-marginal plates bear no spines, 
but their surface is covered with rather large uniform hemispherical granules, which are 
crowded but not touching. These become much smaller and subpapilliform at the extreme 
adoral and aboral margins. ‘The suture-lines between the plates are thus well defined. 

The infero-marginal plates correspond exactly to the superior series, and their length 
is the same. he height is rather less than the length throughout the ray, excepting on a 
few plates in the interbrachial arc. Their breadth on the actinal surface is greater than 
the length in the interbrachial arc, midway along the ray subequal, and at the extremity 
rather less than the length. The rounding of the plates is rather sharper and more acute 
than that of the superior series. Each plate bears a short, robust, conical spinelet, the 
longest about 1°5 mm. in length, placed on the rounding, directed horizontally, and pointed 
at a slight angle towards the extremity. Along the greater portion of the length this 
spinelet is placed close to the aboral suture of its plate. The surface of the plate is covered 
with hemispherical granules similar to those on the supero-marginal plates, closely placed 
but not touching, with a much smaller and more crowded series along the lines of suture 
between succeeding plates. 

The adambulacral plates are longer than broad, with the furrow margin slightly 
convex. ‘Their armature consists of :—(1.) A furrow series of nine short, cylindrical, 
obtusely tipped spinelets, with a tendency to become prismatic, the outermost at each 
extremity of the series very much smaller than the rest, which are subequal in length. 
They stand upright and parallel to one another; and the ambulacral furrow is very 
contracted. (2.) On the actinal surface the plate is covered with low papilliform 
granules, of which three or more irregular longitudinal series may be indistinctly defined. 
These are, however, too irregular in their position to be spoken of as forming true series. 
In apparent size, as viewed from above, they correspond exactly to the granules on the 
infero-marginal plates, but are, however, slightly more papilliform. The adambulacral 
plates on the outer fourth of the ray bear a single small conical spinelet immediately 
behind the furrow series, placed near the aboral margin of the plate, and scarcely 
noticeable except with a magnifying glass. No trace of this is found along the inner 
part of the ray. 

The mouth-plates are not remarkably large, and the united pair are elongate and 
elliptical in outline, and slightly convex actinally. Nearly half their length is free and 
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protrudes over the actinostome, which is contracted and nearly closed. Their armature 
consists of a marginal series of about nine short papilliform spinelets on each plate, 
nearly subequal in length, the outermost being slightly smaller, standing upright and 
parallel to one another. The actinal surface of the plate is covered with numerous rather 
broad granuliform papill, truly granules on the outer portion of the plates, but becoming 
longer and more papilliform as they approach the inner end of the mouth-angle, the 
innermost three or four being nearly as long as, and more robust than, the marginal series. 
All are very obtusely tipped. 

The actinal interradial areas are large and well-developed, extending as far as the twelfth 
or thirteenth adambulacral plate. ‘They are occupied by well-defined plates arranged in 
regular series or columns extending from the adambulacral plates to the infero-marginal 
plates. The innermost plate of each series is normally subequal in breadth to the adjacent 
adambulacral plate, and the columns diminish in breadth as they proceed towards the 
margin. Seven plates may be counted in the series on each side of the median interradial 
line. The surface of the plates is covered with closely placed hemispherical granules of 
similar size and character to those on the adambulacral and marginal plates, disposed in 
regular subrectangular groups, each group being marked out by distinct and well-defined 
sutures or channels from those adjacent. The regularity of the arrangement is constant 
and very conspicuous. 

The anal aperture is subcentral, and, though comparatively large, is inconspicuous, as 
there is no modification in the character of the surrounding paxille. 

The madreporiform body is entirely obscured by paxille, a group of five or six in this 
region being larger and slightly more prominent than any of the others. These indicate 
its position, which is rather nearer the margin than midway between the centre and the 
interbrachial are. It is possible that the madreporiform body may be of large size or even 
compound, judging from appearances ; but these remarks are purely conjectural, as the 
fact cannot be decided without damaging the specimen. 

The ambulacral tube-feet are large and conical, with a very small, mamelon-like, conical 
termination. 

Colour in alcohol, a very light drab, with an ashy grey shade of the same on the 
paxillar area. 

Locality.— Station 44 or 45. Off the coast of North America, east of Delaware and 
Maryland. 

Station 44, May 2, 1873. Lat. 37° 25’ 0” N., long. 71° 40’ 0” W. Depth 1700 
fathoms. Blue mud. Bottom temperature 36°°2 Fahr.; surface temperature 56°°5 Fahr. 

Station 45. May 3, 1873. Lat. 38° 34’ 0” N., long. 72° 10’ 0” W. Depth 1240 
fathoms. Blue mud. Bottom temperature 37°-2 Fahr. ; surface temperature 49°°5 Fahr. 

Remarks.—Plutonaster rigidus is distinguished from Plutonaster ambiguus by its 
larger size, by the large marginal plates, by the absence of a prominent tubercle on the 
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supero-marginal plates, and by the truncate and obtuse granulation on the marginal 
plates. ‘The presence of the short, though well-developed, spinelet on the infero-marginal 
plates, as well as the general form and size of the starfish, prevents its being mistaken 
for Plutonaster notatus. The differences that characterise Plutonaster marginatus are 
sufficient to avoid any clashing with that form. 


3a. Plutonaster rigidus, var. semiarmata, nov. (Pl. XIV. fig. 5). 


Rays five. R—=84mm.; 7=20mm. Breadth of the ray between the fourth and 
fifth supero-marginal plates, 15 mm. ; midway along the ray, 9 mm. 

From Station 46 or 47 a variety of Plutonaster rigidus was obtained, the characters 
of which are so well marked that its recognition by name seems desirable. This form 
differs most conspicuously from the type in that the infero-marginal plates in the inter- 
brachial are along the disk are devoid of the conical spinelets, although these are present 
from the base of the ray outwards as usual. The marginal plates both of the inferior and 
superior series are peculiar in being covered centrally with a membrane through which 
the granules can be faintly seen. This membrane does not cover the extreme margins at 
the adoral and aboral sutures, but leaves exposed the cilia-like papilliform granules there. 
The plates are slightly concave in their median line of breadth, at least in the interbrachial 
are and at the basal part of the rays, and the presence of the membrane gives them 
at first sight a naked appearance, which is further emphasised by the visibility of the 
marginal cilia. This character is less striking on the outer part of the rays, probably in 
consequence of the membrane being thinner there. The granules which cover the plate 
underneath the membrane are smaller than in the type. 

The paxill on the abactinal surface are slightly larger than in the type, with more 
numerous granules on the central tabulum, and with more numerous but comparatively 
smaller papilliform granules in the marginal series which surround them. Thus there 
may be as many as from nine to twelve in the centre, and about twenty in the marginal 
series, the disparity in size being conspicuous; and the central area of granules often 
appear faintly convex. 

The dise is a trifle smaller and the rays slightly longer and narrower; but the 
difference in this respect is not very important. 

The granules on the actinal surface of the adambulacral plates are perhaps slightly 
smaller, more numerous, and even less regular than in the type. The intermediate plates 
of the actinal interradial areas are similar to those in the type, and neither they nor the 
adambulacral plates have any superficial membranous covering. 

Colour in alcohol, a bleached white, ashy grey on the paxillar area, and a light 
brownish shade on the actinal surface. 


Locality.—Station 46 or 47. Off the coast of North America, east of New J ersey and 
Long Island. 
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Station 46. May 6, 1873. Lat. 40°17’ 0” N., long. 66° 48’ 0” W. Depth 1350 
fathoms. Blue mud. Bottom temperature 37°°2 Fahr.; surface temperature 40°°0 
Fahr. 

Station 47. May 7, 1873. Lat. 41° 14’ 0” N., long. 65° 45’0” W. Depth 1340 
fathoms. Blue mud. Surface temperature 42°:0 Fahr. 


4. Plutonaster ambiguus, n. sp. (Pl. XL. figs. 5 and 6; Pl. XIII. figs. 11 and 12). 

Rays five. R= 25 mm.; r=65mm. R<4r. Breadth’ of a ray near the base, 
6°5 mm. 

Rays narrow and pointed, tapering throughout from the base. General form thin and 
subdepressed, with the abactinal surface slightly inflated along the median radial lines, 
forming a more or less definite keel. Actinal surface subplane, prominent at the mouth- 
angles ; and sloping thence to the margin and slightly along the ray. Interbrachial ares 
widely rounded. 

The paxillee of the abactinal surface are very minute and crowded ; each with a crown 
of five or six small, equal, papilliform spinelets, almost subclavate in form, which radiate 
outward. The paxillz diminish in size as they proceed along the ray, and simpler ones 
are frequent on the outer half. 

The supero-marginal plates, twenty-eight to thirty in number from the median interradial 
line to the extremity, are very small and slightly tumid; they form a well-rounded lateral 
wall to the disk and rays ; and when viewed abactinally present a narrow but definite 
border. The length of the plates is greater than their height throughout the series, and their 
breadth is subequal to, or slightly greater than, their length on the inner part of the ray, 
but gradually becomes slightly less than the length on the outer part. The surface of the 
plate is covered with small, well-spaced papilliform granules, and one small tubercle- 
hke granule, larger and more robust than the rest, is placed on the rounding of the plate, 
and represents a supero-marginal spine. This tubercle-like granule is, however, scarcely 
distinguishable from the rest of the covering of the plate on the outer part of the ray, and 
it is doubtful whether it extends to the extremity. 

The infero-marginal plates correspond to the superior series, but their breadth is fully 
twice as great as their length on the inner part of the ray, and subequal on the outer 
part. Their surface is covered with minute conical thornlets of about the same general 
size and distance apart as the rounded granules on the supero-marginal plates. Each plate 
bears one short, tapering, pointed, spinelet, not more than a millimetre in length, directed 
horizontally outward. Their length diminishes along the ray, and I am unable to speak 
of their character or presence at the extremity. 

The adambulacral plates are longer than broad, and of a subrhomboid form, with a 
slightly convex margin towards the furrow. Their armature consists of :—(1.) A furrow 
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series of six or seven delicate, tapering, sharply-pointed spinelets, arranged on the margin 
of the plate, and radiating apart horizontally over the furrow; the two or three median 
spinelets being the longest, and the outermost on each side less than one-third their 
length. (2.) On the surface of the plate is a lineal series of three or four small spinelets, 
running parallel to the median line of the ray and close behind the furrow series; one 
of these is comparatively elongate, tapering, and robust, whilst the others are mere papilli- 
form granules, irresularly spaced. On the outer margin of the plate a lineal series of 
miliary thornlets may be present. 

The mouth-plates are very elongate and narrow, the united pair being slightly convex. 
The median suture is imperfectly closed; the inner margin at the outer extremity of 
each plate is rounded, and a spiniferous plate is visible in the space thus formed. The 
free margin of each plate bears an armature of seven or eight very short, robust, obtuse 
and slightly flattened mouth-spines, the innermost of which is the largest. On the surface 
of the plate five or six papilliform spinelets form a short, closely-placed series, parallel 
to the median suture, which does not extend along more than half the length of the 
plate, and the spinelets diminish in length as they recede from the mouth. ‘The rest of 
the surface of the plate bears small papilliform granules widely spaced. 

The actinal interradial areas are extensive as compared with the small size of the star- 
fish, and are occupied by a large number of regularly disposed intermediate plates. The 
plates are arranged in reoular transverse series, which proceed from the adambulacral 
plates to the marginal plates; those adjacent to the adambulacral plate are subequal in 
their major dimension to its length, but succeeding plates in a column diminish in length 
as they proceed outward, and each plate imbricates slightly upon its predecessor. Five 
or six plates may be counted in the column or series adjacent to the median interradial 
line, and the number in a series decreases gradually as they proceed along the ray, the 
innermost plate (that adjacent to the adambulacral) alone being present at last; these 
extend as far as the seventh marginal plate, which is thus separated from the tenth 
adambulacral plate; beyond this the adambulacral and marginal plates are contingent. 
The surface of the plates is covered with numerous short, uniform, papilliform, spinelets, 
rather widely spaced; and their arrangement does not in any way simulate a paxilla. 
The individuality of the plates is clearly defined, and the regularity of their disposition is 
conspicuous. 

An anal aperture appears to be present in a subcentral position, but is very 
indistinct. 

The madreporiform body is little more than its own diameter distant from the margin, 
is hidden by paxillze, and superficially invisible. 

Colour in alcohol, a dirty ashy grey-white, with traces of a light brown shade on the 
paxillar area. 

Locality —Station 164. East of Sydney, New South Wales. June 12,1874. Liat. 
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34° 8’0”S., long. 152° 0’ 0” E. Depth 950 fathoms. Green mud. Bottom tempera- 
ture 36°°5 Fahr.; surface temperature 69°°5 Fahr. 

Remarks.—This is a very characteristic form, and distinguished from all other species 
by the small marginal plates, the well-developed infero-marginal spines, the conical 
tubercle on the supero-marginal plates, the conically-pointed granulation of the marginal 
plates, and the simple radiating paxille. 


5. Plutonaster notatus, n. sp. (Pl. XIV. figs. 6 and 7; Pl. XV. figs. 5 and 6). 


Rays five. R=31'5 mm.; r=10°75 mm. R<3,r. Breadth of a ray at the fifth 
supero-marginal plate, 5-5 mm.; midway along the ray, 4°5 mm. 

Rays short, very narrow, and slightly tapering; the wide and open interbrachial arcs 
emphasising their narrowness, as well as the pentagonal character of the disk from whence 
they proceed. Nearly square in section, with the angles slightly rounded. Disk com- 
paratively large. Abactinal surface of the disk slightly convex and inflated; that of the 
rays being flat. Actinal surface of the disk very slightly convex, subplane along the 
rays. 

The abactinal surface of the disk and rays is covered with numerous small paxilla, 
composed of short, cylindrical, obtusely tipped, equal spinelets, standing upright and 
forming compact little groups of uniform height, with seven to fifteen spinelets in each, 
two to four being central and usually slightly more robust than the others. Though 
crowded, the paxillze are so spaced that each remains distinct; upon the central area of 
the disk no order of arrangement is discernible, but near the marginal plates they are dis- 
posed in lineal series running towards the marginal plates. The series on each side of 
the median interradial line are parallel thereto; and as each succeeding series converges 
slightly, their position at the base of the ray is obliquely transverse to its axis; in other 
words, if the lines of these lineal series were produced, they would meet at a common point 
outside the margin in the prolongation of the median interradial line. This arrangement 
does not extend beyond the base of the rays; outward along the rays the paxille present 
no definite order of arrangement, nor yet upon the median radial line throughout, nor 
on the whole central area of the disk, as above noticed. No pedicellariz are present. 

The supero-marginal plates, twenty-two to twenty-four in number from the median 
interradial line to the extremity, are small, but form a distinct and recular border to the 
disk and rays. When viewed from above their breadth on the abactinal surface is slightly 
greater than their length; and when viewed laterally the height is subequal to the length 
along the greater portion of the ray, but increases in the interbrachial arc, where the 
plates have asmaller abactinal bending. Midway along the ray, the breadth of the supero- 
marginal plates is nearly as great as the width of the paxillar area. The union of the 
abactinal and lateral planes of the plates is well rounded. The supero-marginal plates 


bear no spines, but their surface is covered with tolerably large, uniform, hemispherical, 
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or subpapilliform granules, except at the adoral and aboral margins, where they become 
more or less cilia-like. The suture-lines between the plates are well defined. 

The infero-marginal plates correspond exactly to the superior series, their line of 
union being perfectly horizontal. About midway along the ray the height is subequal to 
the length, but increases in proportion in the inner part of the interbrachial arc, and de- 
creases at the extremity of the ray. The breadth on the actinal surface is subequal to the 
length, excepting at the base of the ray and along the interbrachial are, where it is greater 
than the length. The union of the actinal and lateral planes is well rounded. Each plate 
normally bears a single, very minute, conical thornlet, on the rounded angle ; within the inter- 
brachial are these are placed centrally, but along the ray, where they are greatly reduced 
in size, they stand nearer the aboral margin of their plate, and they point towards the 
extremity of the ray at so acute an angle as almost to appear appressed to the lateral wall. 
Furthermore they are so small as only to be noticeable with the aid of a magnifying glass. 
The longest, which are in the interbrachial arc, are little more than half a millimetre in 
length. The surface of the plate is covered with rather large hemispherical granules 
distinctly spaced, which become subpapilliform or cilia-like and crowded at the adoral 
and aboral margins. The sutures between the plates are well defined; and those in the 
interbrachial arc are especially deeply incised, recalling the structure of Astropecten. 

The adambulacral plates are long and narrow, with the furrow margin slightly convex. 
Their armature consists of :—(1.) A furrow series of eight moderately elongate, cylin- 
drical, and faintly subclavate spinelets—the length diminishing slightly towards each 
extremity of the series, but the most aboral spinelet being usually very small. They 
radiate so very little apart, that their position might almost be described as parallel to one 
another. (2.) On the actinal surface of the plate immediately behind the furrow series is 
a parallel row of five or six short papilliform spinelets, less than half the length of the 
furrow series, even where longest on the inner part of the ray, whilst on the outer part of 
the ray they are dwarfed into little more than granules. External to this are two lineal 
series of granules filling the rest of the surface of the plate. In these, however, there is 
sometimes a little irregularity, which is apt to give a more or less grouped appearance ; 
and two or three additional granules may occur, especially on the inner part of the ray. 
The eight or ten outermost adambulacral plates at the extremity of the ray have a single 
comparatively robust conical spine, immediately behind the furrow series, much larger 
than the other spinelets on the plate, Although these are not noticed without a magnify- 
ing glass they are remarkable, as no trace of them is to be found on the other adambulacral 
plates throughout the ray. 

The mouth-plates are elongate and narrow, the united pair being elliptical in outline, 
slightly convex actinally, and with the median suture imperfectly closed, especially 
inwardly, where it is often open and gaping. Nearly half their length is free, protruding 
over the actinostome. The armature consists of a marginal series of nine or ten mouth- 
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spines. ‘The spines are short, increasing slightly as they approach the mouth, the outer- 
most being much smaller than any of the others. They are slightly subclavate and 
slightly curved, and radiating apart form an elegant armature. The actinal surface of the 
plate is covered with numerous short, obtuse, papilliform spinelets, which increase in 
leneth and robustness as they proceed towards the inner end of the mouth-plates, those 
next the marginal series being nearly equal to them in length and very much more robust. 

The actinal interradial areas are large and well-developed, and occupied by plates 
arranged in regular series or columns passing from the adambulacral plates to the marginal 
plates. Five or six plates may be counted in the series on each side of the median inter- 
radial line, and each of the plates in the column imbricates slightly on the next outward 
plate. Naturally the number of plates in a column decreases as the columns proceed 
along the ray, and no intermediate plates extend beyond the ninth or tenth adambulacral 
plate. The intermediate plates adjacent to the adambulacral plates are equal in breadth 
to the length of the adambulacral plates, and the succeeding plates in a column diminish 
slightly as they proceed outward. The surface of the intermediate plates is covered with 
short, uniform, papilliform granules, which form regular rectangular groups, each group 
being marked out by distinct and well-defined suture-lines or channels from those adjacent, 
the recularity of the arrangement of the plates being very conspicuous. 

The anal aperture is subcentral, but often inconspicuous, as there is nothing in the 
character of the paxillze in its neighbourhood to indicate its presence. 

The madreporiform body is obscure and hidden by paxille, a group of two or three in 
that position being rather larger than any of the others on the abactinal surface. The 
position is about one-third of the distance from the margin to the centre. 

The ambulacral tube-feet are large and conical, with a small mamelon-like subconical 
termination. 

Colour in alcohol, a greyish white, with a slightly darker or ashy shade over the 
paxillar area. 

Locality.—Station 73. West of Fayal, Azores. June 30, 1873. Lat. 38° 30’ 0” N., 
long. 31° 14’ 0” W. Depth 1000 fathoms. Pteropod ooze. Bottom temperature 39°°4 
Fahr. ; surface temperature 69°°0 Fahr. 

Remarks.—Plutonaster notatus is most nearly allied to Plutonaster abbreviatus, but 
is distinguished by the broad disk and very narrow rays. These characters also serve 
to separate it at a glance from the other species; and it is further distinguished by the 
absence of any spines either on the superior or inferior series of marginal plates. In 
the largest example in the collection, however, minute or rudimentary representatives of 
infero-marginal spinelets are present on the plates in the interbrachial are. 


6. Plutonaster abbreviatus, n. sp. 


Rays five R=20mm.; r=7'5mm. R>25r. Breadth of aray between the third 
and fourth supero-marginal plates, 5 mm. 
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Rays short, tapering shghtly along the ray, but rapidly at the extremity, and although 
narrow they have a comparatively robust appearance. Interbrachial arcs widely rounded. 
Disk large. Abactinal surface slightly inflated. Actinal surface subplane or slightly pro- 
minent centrally, and sloping thence to the margin. 

The paxille of the abactinal surface are small, compact, and, though very near 
together, are distinctly spaced ; the larger ones are composed of ten to fifteen small, low, 
rounded, papilliform granules, forming a compact group of uniform height, but sometimes 
those in the centre are a little more robust than the others. Smaller paxille are inter- 
spersed, but no order of arrangement is to be observed except near the margin of the disk 
and the base of the rays, where the paxille are disposed in lineal series, the lines of 
which, if produced beyond the margin, would converge to a point in the prolongation of 
the median interradial line. 

The supero-marginal plates, sixteen or seventeen in number from the median inter- 
radial line to the extremity, are small, and form a conspicuous and well-defined border to 
the disk and rays. When viewed from above their breadth on the abactinal surface is 
slightly greater than their length; when viewed laterally the length is slightly greater 
than the height on the outer part of the ray, but the height increases towards the inter- 
brachial arc, and in the innermost plates the height is greater than the lencth. The 
supero-marginal plates bear no spines, but their surface is covered with low, rounded, 
subpapilliform granules, which are well spaced, and those in the median region of the 
plate are slightly larger. 

The infero-marginal plates correspond exactly to the superior series. Their surface 
is covered with well-spaced, conical, subpapilliform granules. The plates in the inter- 
brachial are and at the base of the ray bear at the junction of the actinal and lateral 
regions a single, large, very robust, but conical granule or papilla, which can in no way 
be spoken of as a spine, though it is the only representative they possess of a lateral spine. 

The adambulacral plates are elongate, and have the margin towards the furrow slightly 
curved. ‘Their armature consists of :—(1.) A furrow series of seven very short, cylindrical, 
obtuse spinelets, which are almost subequal, except at each extremity of the series, 
where the spinelets are usually much smaller. (2.) The actinal surface of the plate is 
covered with equal-sized, uniform, obtuse, papilliform granules, which, though not form- 
ing altogether regular lines, have a longitudinal disposition suggestive of two or even 
three irregular series. There is no trace, even at the extremity, of the single, large, conical 
spine, which is usually present there in this genus. 

The mouth-plates are elongate and narrow. The united pair are prominently convex 
along the line of suture. Their armature consists of a marginal series of about ten short 
spinelets, the outer five or six being little more than papilliform granules; the rest are 
short, conically-pointed spinelets, increasing slightly in length as they proceed inwards. 
The actinal surface of the plates bears numerous small, obtuse, papilliform granules, 
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which increase in length and robustness as they approach the inner end of the mouth- 
plates. 

The actinal interradial areas are large and well defined, and occupied by plates arranged 
in regular series or columns passing from the adambulacral plates to the marginal plates ; 
four or five plates may be counted in the series on each side of the median interradial 
line, and intermediate plates extend as far as the fourth or fifth infero-marginal plate 
and the eighth adambulacral plate. The surface of the intermediate or ventral plates is 
covered with small, uniform, papilliform granules, forming more or less well-defined 
rectangular groups. 

The madreporiform body is obscure and hidden by paxille. It is near, but not adjacent 
to, the marginal plates. 

The tube-feet are conical, and have a very small but distinct terminal mamelon-like 
knob. 

Colour in alcohol, an ashy white, with a slight ochraceous shade on the paxillar area, 

Locality.—Station 78. Between San Miguel and St. Maria, Azores. July 10, 1873. 
Lat. 37° 26’ 0” N., long. 25° 130” W. Depth 1000 fathoms. Volcanic mud. Surface 
temperature 71°-0 Fahr. 

Remarks.—This species is most nearly related to Plutonaster notatus, but is distin- 
guished by the shorter, broader, and more robust rays. ‘The marginal plates have also a 
more massive appearance. The differences in point of structure are slight but note- 
worthy, and the two forms are unquestionably closely allied. 


Subgenus Tethyaster, nov. 


The species placed in this subgenus differ from the other species of Plutonaster 
chiefly in the character of the armature of the adambulacral plates. The whole armature 
of the plate is spiniform, and is arranged in a co-ordinated group, the general plan of the 
arrangement having a more or less striking resemblance to that found in Astropecten. 
The adambulacral plates are much broader than in the true Plutonaster, and the madre- 
poriform body is simple and exposed. 

This subgenus has been established for the reception of the two comparatively little 
known but well marked species originally described under the names of Asterias subiner- 
ms, Philippi, and Astropecten parelii, Diiben and Koren. The former of these was 
ranked by Miiller and Troschel as an Astropecten, and subsequent writers followed this 
reference until Perrier has recently placed the form in the genus Archaster. The second 
species was referred to the genus Archaster by Sars, and that determination has been 
maintained by succeeding writers. 

These two species are in my opinion very closely allied to the true Plutonaster species; 
but as they exhibit the above-mentioned constant differences in their morphological 
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structure, I have considered it desirable to place them apart; the value of the characters, 
in the present state of our knowledge of the Plutonaster group of species, appearing to 
justify their being ranked as a subgenus. 


1. Lethyaster subinermis, Philippi, sp. 


Asterias subinermis, Philippi, Archiv f. Naturgesch. Jahre. iii. Bd. i. 1837, p. 193. 
Astropecten subinermis, Miiller and Troschel, System der Asteriden, 1842, p. 74. 
Archaster subinermis, Perrier, Nouv. Archives Mus. Hist. Nat., 2° Sér. 1878, t. i, pp. 33, 57, 88. 


Localities. —The Mediterranean area. (Algiers, Naples, Nice, Messina, Sicily.) 


2. Tethyaster parelii, Ditben and Koren, sp. 
Astropecten Parelii, Diiben and Koren, K. Svensk. Vet.-Akad. Handl., Ar 1844 (Stockholm, 1846), 
p. 247, tab. vil. figs. 14-16. 
Archaster Parelit, Sars, Oversigt af Norges Echinodermer, Christiania, 1861, p. 35, tab. 3, figs. 1 and 2. 
- Localities —“ Porcupine” Expedition : 

Station 31. Between the north of Ireland and Rockall. Lat. 56° 15’ N., long. 
11° 25’ W. Depth 1360 fathoms. Bottom temperature 2°-9 C. ; surface temperature 
13°°8 C. 

In Sir Wyville Thomson's popularly written Depths of the Sea, the occurrence of this 
species is specially mentioned on at least two other occasions (loc. cit., pp. 122, 181), but 
the exact localities are not given, and I have not seen any other specimens in the collec- 
tions placed in my hands excepting the one under notice. 

Other localities.—Finmark, Lofoten, Coast of Norway, off Shetland. 


Genus Lonchotaster, Sladen. 
Lonchotaster, Sladen in Narr. Chall. Exp., 1885, vol. i. p. 609. 


Disk rather large. Rays moderately elongate and comparatively narrow, tapering to a 
finely pointed extremity. Interbrachial arcs wide and openly rounded. 

Marginal plates small, short, and numerous, more or less confined to the lateral wall 
of the ray. Supero-marginal plates smaller than those of the inferior series. Infero- 
marginal plates short and broad. The plates of both series covered with low granule-like 
papille, often somewhat squamiform, invested more or less with membrane (succulate). 
No prominent spines on either series. Large incipient pedicellarian apparatus on most of 
the infero-marginal plates, and on some of the plates of the superior series. 

Abactinal area with numerous small closely-packed paxille, composed of small, erect, 
skin-covered papillx, and often bearing a pedicellarian apparatus. Abactinal plating 
circular. The paxille present no definite order of arrangement. Papule regularly 
distributed. 
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Actinal interradial areas small, with intermediate plates arranged in regular columns, 
and bearing short skin-covered papille, three or four larger than the rest in the midst, 
forming a massive pedicellarian apparatus. 

Adambulacral plates large, and longer than broad. Adambulacral armature consisting 
of short skin-covered spinelets, arranged in several longitudinal series, and one large pedi- 
cellaria formed of three or four modified papille. 

Madreporiform body large and compound. 

Anal aperture subcentral and distinct. 

There are no superambulacral plates, but a ridge on the ambulacral plate suggests 
forcibly the appearance of a coalesced or incipient rudiment of that structure. 

Remarks.—This is a well-marked and readily distinguishable genus. Although an 
unmistakable Archasterid, it may be said to hold a more or less intermediate position 
between Dytaster and Leptoptychaster—a genus which I have for the present at least felt 
warranted in ranking amongst the Astropectinide. Its nearest affinities are with Dytaster, 
but it is distinguished by the short, cylindrical, pointed rays, by the disproportionately 
small supero-marginal plates, as well as by a number of minor characters, which, being 
noted in the diagnosis above given, it is unnecessary to recapitulate. On the other hand, 
Lonchotaster approaches Leptoptychaster by the short marginal plates and the small 
superior series, but is widely separated from that form by the presence of the numerous 
pedicellariz ; by the compound madreporiform body ; by the long, large, adambulacral 
plates, with their longitudinally disposed armature ; and by the peculiar sacculate spinula- 
tion. Lonchotaster is further characterised by the absence of superambulacral plates, 
and by the unmistakable presence of an anal aperture. 


Chorology of the Genus Lonchotaster. 
a, Geographical distribution :-— 
ATLANTIC; One species between the parallels of 20° and 30° N. 


Lonchotaster tartareus off the West Coast of Africa, between the 
Canaries and the Cape Verde Islands. 


SOUTHERN OCEAN : One species between the parallels of 60° and 70° 8, 
Lonchotaster forcipifer in the neighbourhood of the pack ice 
of the Antarctic Circle, near the meridian of 95° E. longitude. 
It is also found South of Australia, near the meridian of 110° E. 
longitude, 
8. Bathymetrical range: 1950 fathoms to 2400 fathoms. 
Both species are confined to the Abyssal zone. 
y. Nature of the Sea-bottom: Lonchotaster tartareus is found on Globigerina ooze, 
and Lonchotaster forcipifer on Diatom ooze. 
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Chorological Synopsis of the Species. 


| Ocean. | Range in Fathoms. | Nature of the Sea-bottom. 
| ; 
Lonchotaster forcipifer . . | Southern Ocean. 1950 to 1975 | Diatom ooze. 


| Lonchotaster tartareus : : | Atlantic. 2400 Globigerina ooze. 


1. Lonchotaster tartareus, u. sp. (Pl. XVI. figs. 1-5). 


Rays five. In the largest specimen R = 88 + mm., 7 = 20°5 mm. Breadth of the 
ray at the sixth supero-marginal plate, 16 mm. (The tip is wanting in all the rays of this 
example.) In a smaller but perfect example R= 55 mm.,r = 14 mm. Breadth of the 
ray at the sixth supero-marginal plate, 9°5 mm, 

Rays moderately elongate and comparatively narrow, tapering gradually to a pointed 
extremity, the outer part of the ray being attenuate and subcylindrical. Interbrachial 
ares wide, open, and well rounded. Abactinal area convex and more or less inflated. 
Actinal area plane. Lateral walls low, very slightly rounded. In all the specimens 
collected the rays are sharply turned back over the disk, nearly from their base. 

The abactinal area of the disk and rays is covered with numerous small and closely 
packed paxillz ; these are composed of ten to fifteen small, erect, cylindrical, obtusely 
rounded, skin-covered papille, three to five being central. In a very large number of the 
paxillze two to four of the central papille are enlarged and form a pedicellarian apparatus. 
In consequence of their skin investiture and erect position the separate papille are not 
noticeable to the naked eye, only the paxille as a whole being distinguished ; the paxillar 
area In consequence has a smooth and highly compact appearance. The paxille present 
no definite order of arrangement. 

The marginal plates are small and confined entirely to the lateral wall of the ray. The 
supero-marginal plates are forty-five in number counting from the median interradial line 
of the longest remaining ray, from which, however, the tip has been broken in the large 
specimen, with an estimated loss of twenty to thirty plates. Fifty-three are present from the 
median interradial line to the extremity in a smaller example in which R= 55mm. The 
plates are rectangular, with the height rather greater than the length on the inner part of 
the ray, but subequal on the outer part ; and only the upper edge of the plate is visible 
on the abactinal surface. The plates are covered with low granule-like papille, often 
somewhat squamiform, but longer, more delicate, and cilia-like along the lateral sutures. 
The supero-marginal plates are devoid of any true spines, but within the interbrachial are 
and at the base of the rays in the large example, a small conical tubercle is present close to 
the upper end of the plate, but it is not found in the smaller specimens. On some of the 
plates three or four of the papillz are slightly enlarged and form an incipient pedicellarian 
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apparatus, the position of which is usually near the aboral margin and not far from the 
junction of the supero-marginal and infero-marginal series. 

The infero-marginal plates correspond exactly in length to the superior series, but 
their height is distinctly greater, appearing near the middle of the ray nearly twice as great 
as that of the superior series. Within the interbrachial arc they form a broad border to 
the actinal area of the disk, but this extent on the actinal area speedily diminishes along 
the ray, where they are confined essentially to the lateral wall, and their curvature only 
conforms to the rotundity of the ray. Their surface is covered with papille similar to 
those on the superior series. At the upper margin of normally every infero-marginal 
plate, and close to the junction with the superior series, is a conspicuous pedicellaria, 
formed of three or four enlarged and modified papille ; the apparatus being larger and 
more fully developed than those on the supero-marginal plates above noticed ; some- 
times two are present on one plate. In the interbrachial arc about a dozen plates may 
bear a single small, flattened, tapering, pomted spinelet immediately behind the pedicel- 
laria, but so small that it is little more than an enlarged squamule. 

The adambulacral plates are large and massive, rather longer than broad, and with 
a slightly convex margin towards the furrow. Their armature consists of a furrow series 
of nine or ten-rather short, robust, subprismatic, skin-covered spinelets, equal in length, 
excepting the outermost at each extremity, and standing parallel to one another and 
erect, forming a nearly straight series. Hach successive series is well-defined. On the 
actinal surface of the plate, behind the furrow series, is a longitudinal series of about seven 
shorter spinelets, well-spaced, covered with membrane, which gives them a more or less 
strongly fusiform appearance ; and behind these again two or even three series of small 
papilliform, skin-covered spinelets, in which the longitudinal arrangement is often more or 
less disturbed and irregular in consequence of additional papillae; the outer part of the 
plate being well filled. At the aboral end of the line of the second series of spinelets on 
the actinal surface is one large pedicellaria, formed of three or four large modified papille ; 
this apparatus is present on every plate, and forms a conspicuous object. 

The mouth-plates are large, elongate, prominent, and convex actinally. The outline 
of the united pair somewhat resembles that of a classical spear-head, in consequence of an 
angle at the junction of the free margin with the margin adjacent to the first true adam- 
bulacral plate. Their armature consists of a marginal series of twelve to fifteen short, 
erect, skin-covered spinelets on each plate, similar to, but smaller than, those on the adam- 
bulacral plates, which are nearly subequal in length, or increase very shghtly as they 
proceed inwards. The actinal surface of the plates is covered with numerous small, 
low, skin-covered papille, which mcrease in size on the mner part of the plates, but 
become quite small and granuliform on the outer part, especially towards the margin 
opposite to the median suture. Though numerous these papille are distinctly spaced, 
but no order of arrangement is distinguishable. 

(ZOOL, CHALL, EXP.—PART LI,—1887.) 14 
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The actinal interradial areas are small, and confined to the interbrachial region, not 
appearing to extend beyond the fifth or sixth infero-marginal plate counting from the 
median interradial line ; they are occupied by small intermediate plates arranged in regular 
columns, which bear a number of small, short, skin-covered papille, with three or four 
much larger than the rest in the midst, forming a massive pedicellarian apparatus ; a 
few of the innermost plates in the large specimen have one papilla more spiniform than 
the others, and this may either be present along with the pedicellaria or in its place. 

The anal aperture is subcentral and distinct, although there is no change in the form 
of the paxillee in its neighbourhood. 

The madreporiform body is compound, and occupies a large circular area about 10 mm. 
in diameter, its outer edge being not more than 2 or 3 mm. distant from the marginal 
plates. Numerous large paxille, much greater than any of the others on the abactinal 
area, spring from, or at the junction of, the madreporic plates, almost entirely hiding the 
striated surface from superficial view. This may be seen in places, however, for the 
paxillee are not very closely placed, and here and there one is wanting. ‘The striations 
are seen to be very fine, numerous, and very slightly convoluted. The papillae which 
compose these paxille are rather more robust and distinct than those of the general 
paxillze, having more the appearance of hemispherical granules when seen from above; 
and none are modified into pedicellariz. 

Colour in alcohol, a bleached yellowish white. On one of the small specimens there 
are traces of a dark purple colour along one of the rays, but whether this is the original 
colour of the species, or is only pigment derived by abrasion from some other organism, 
I am unable to say. 

Locality.—Station 89. Between the Canaries and the Cape Verde Islands. July 
23, 1873. Lat. 22°18’ 0” N., long. 22° 2’0” W. Depth 2400 fathoms. Globigerina ooze. 
Bottom temperature 36°°6 Fahr.; surface temperature 73°5. 


2. Lonchotaster forcipifer, n. sp. (Pl. XXXI. figs. 5 and 6; Pl. XXXII. figs. 9 and 10). 


Rays five R=20mm.;r=7mm. R>3r. Breadth of a ray between the sixth 
and seventh infero-marginal plates, 5 mm. 

Disk comparatively large and inflated. Rays moderately elongate, subdepressed and 
subcarinate, narrow and tapering throughout to the extremity. Interbrachial ares wide 
and well rounded. Abactinal surface convex over the disk, the slight carination of the 
rays culminating in a distinct tumidity on the inflated disk-area at a little distance from 
the base of the ray. Actinal surface of the disk plane, but becoming rounded on the 
outer part of the ray. Lateral walls low and more or less rounded. 

The abactinal surface of the disk and rays is covered with very small and closely 
packed paxille, consisting of five to eight small, short, but comparatively robust, 
papilliform spinelets, one of which is frequently central. The tips of these papille are 
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thick and obtusely rounded, and they are usually grouped close together in consequence 
of the crowding of the paxille. A number of the paxille have two or four enlarged 
papilla, which form incipient pedicellariz. The paxille present no definite order of 
arrangement. 

The marginal plates are small and short; the plates of the superior series are the 
smallest, and are inconspicuous, being much less in height than those of the companion 
inferior series. The supero-marginal plates are thirty in number counting from the 
median interradial line to the extremity, and are rectangular with the height about equal 
to the length throughout. They are covered with short, uniform, equal, papilliform 
spinelets, similar to, but slightly longer than, those on the paxille, and are devoid of 
any large or true spines whatever. The position of the supero-marginal plates is entirely 
marginal. 

The infero-marginal plates correspond exactly in length to the superior series, but 
their height or transverse dimension is much greater, being from twice to three times as 
great in the interbrachial arc, but diminishing along the ray until at the extremity 
the height and length are subequal. Their posture is such as to form a broad marginal 
border to the actinal area of the disk and along the inner half of the ray, the breadth 
diminishing towards the extremity, where they conform to the rounding of the ray, and 
only a small part is visible in the actinal view. Their surface is covered with short, 
robust, papilliform spinelets, subconically pointed. The transverse furrows between 
adjacent plates are well defined. Normally every plate in the interbrachial arc, and as 
far as midway along the ray, bears at its end, adjacent to the supero-marginal plate, 
a pedicellarian apparatus, formed by two to four thickened and enlarged papilliform 
spinelets, and larger than those constituting the general covering of the plate. This 
pedicellarian apparatus is consequently a conspicuous object, and there are no larger 
spines on the plate. 

The adambulacral plates are longer than broad (in fact remarkably large for so small 
a form), and they have a slightly convex margin towards the furrow. Their armature 
consists of a furrow series of seven or eight short, subclavate, papilliform spinelets, sub- 
equal in length on the outer half of the ray, but with the median ones slightly longer on 
the inner part of the ray; these are directed over the furrow, radiating slightly apart. 
External to the furrow series, and on the actinal surface of the plate, is a longitudinal 
series of five or six short, equal, papilliform granules (scarcely worthy of being called 
spinelets) ; and again external to this are one or two subparallel, but often irregular, longi- 
tudinal series of similar and equal-sized papilliform granules or spinelets, the number in 
these outer series being smaller in consequence of the presence of a large pedicellarian 
apparatus composed of three or four (usually four) considerably enlarged papilliform 
spinelets, placed near the aboral margin of the plate, and preventing the extension of the 
one or two outer series of papilliform granules there. 
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The mouth-plates are large, elongately oval, and slightly convex actinally. Their 
armature consists of a marginal series of small spinelets, similar and equal in size to the 
adambulacral armature on the outer part, but longer, thicker, and conically-pointed at 
the inner extremity. On the actinal surface of the plate are two or three series of short, 
well spaced, papilliform granules, one of which is more or less definitely parallel to the 
median suture line, but the others show no definitely recular order. A few near the 
inner extremity of the plate are slightly larger than the others, and there is a general 
diminution in size towards the outer extremity of the mouth-plates. 

The actinal interradial areas are comparatively large, and form a triangular area 
extending as far as the fifth free adambulacral plate, and the sixth or seventh infero- 
marginal plate. They are occupied by small intermediate plates, which do not appear 
to present a specially definite order of arrangement so far as can be judged from the 
small groups of granuliform papillz or spinelets borne upon them, and these are well 
spaced. The majority of the plates bear a large pedicellarian apparatus composed of 
three or four enlarged papilla, which are very conspicuous in comparison with the small 
subequal granuliform papillz on the other plates. 

An anal aperture appears to be present in a subcentral position, but there is no modi- 
fication of the paxille in its neighbourhood. 

The madreporiform body, which is rather large and partially hidden by paxille, is 
situated near the margin and less than its own diameter distant from the supero-marginal 
plates. In the narrow intervening space most of the paxille form incipient pedicellarie, 
and are arranged in well spaced lineal series running from the madreporiform body to the 
margin, and consequently parallel to the median interradial line. 

Colour in alcohol, a slightly brownish white, with a bluish grey tinge over the disk, 
the latter probably owing to the thinness of the integument and the dark contents of the 
viscera. 

Localities.—Station 156. In the neighbourhood of the pack ice, near the Antarctic 
Circle. February 26, 1874. Lat. 62° 26’ 0” S., long. 95° 44’ 0” E. Depth 1975 
fathoms. Diatom ooze. Surface temperature 33°:0 Fahr. 

Station 157. South of Australia. March 3, 1874. Lat. 53° 55’ 0” §., long. 108° 
35’ 0” E. Depth 1950 fathoms. Diatom ooze. Bottom temperature 32°71 Fahr.; 
surface temperature 37°:2 Fahr. 

temarks.—This species is clearly very nearly related to Lonchotaster tartareus, from 
the deep water off the west coast of Africa. The example from Station 156, which has 
served as the type above described, appears to have been probably a young, or at any 
rate not a fully grown, specimen. After the foregoing description had been written, and 
the accompanying figures drawn on stone, I received two small specimens, which had 
been found amongst other material, from Station 157. They are slightly larger than the 
more southern example, but I place them with little hesitation in the same species. It is 
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interesting to note that these larger specimens present even closer resemblances to Loncho- 
taster tartareus. Notwithstanding this fact, I see no reason, with the material at present 
available, to alter the opinion that they belong to the same species as the smaller example 
from Station 156 above described; and I do not feel warranted in merging them (Loncho- 
taster forcipifer) in the same species as Lonchotaster tartareus. They are distinguished 
by their smaller habit, shorter and flatter rays, simpler paxillee, besides several other 
smaller points of detail indicated in the foregoing description. They are, however, un- 
questionably very nearly related, and until a larger number of specimens of Lonchotaster 
Sorcipifer can be examined, I feel uncertain whether that form is really worthy of specific 
rank, or should only be placed as a variety of Lonchotaster tartareus. 


Subfamily PsEuUDARCHASTERIN&, Sladen, 1886. 
Genus Pseudarchaster, Sladen. 
Pseudarchaster, Sladen in Narr, Chall. Exp., 1885, vol. i. p. 617. 


Disk rather large, slightly inflated. .Rays moderately long and tapering; almost 
rigid. Interbrachial arcs well rounded. 

Marginal plates forming a well-rounded margin. Both series covered with granules, 
those on the infero-marginal plates with a tendency to become squamiform. No pro- 
minent spines on either series. 

Abactinal area with uniform substellate plates, having a more or less oblong central 
prominence whose major axis lies in the axis of the ray, bearing a compact paxilliform 
spinulation or granulation. A medio-radial line of plates distinguishable ; plates arranged 
in longitudinal series along the ray. Papule regularly distributed. 

Actinal interradial areas well developed. 

Armature of the adambulacral plates palmo-radiate in disposition, the furrow series 
forming a radiating semicircular fan, whilst those on the actinal surface of the plate are 
more or less irregularly grouped. 

Madreporiform body small, situated midway between the centre and the margin of the 
disk. 

No pedicellariz are present. 

Tube-feet with a well-developed terminal sucker. 

Remarks.—Pseudarchaster is interesting as a link between the Archasteride and 
Pentagonasteridz. This and the succeeding genus Aphroditaster form a small group 
apart, which I have placed as a subfamily, the intermediate character of which is un- 


questionable. 


110 THE VOYAGE OF H.M.S. CHALLENGER. 


Synopsis of the Species included in the Genus Pseudarchaster herein described. 


A. With incipient post-adambulacral fascioles 5 : 5 : . ; 3 discus. 
B. With no trace of incipient post-adambulacral fascioles. 
a. With small distinct isolated spinelets on the infero-marginal plates ; and one 
prominent spinelet on the actinal surface of the adambulacral plates . tessellatus. 
b. Without specialised isolated spines ‘ : : E 5 : , intermedius. 


Chorology of the Genus Pseudarchaster. 
a, Geographical distribution :— 
Artantic : Two species between the parallels of 50° N. and 40° 8. 
Pseudarchaster intermedius off the coast of North America, south 
of Nova Scotia. Pseudarchaster tessellatus off the Cape of Good 
Hope. 
Pacrric : One species between the parallels of 40° and 50° 8. 


Pseudarchaster discus in the Messier Channel, between the 
western coast of South America and Wellington Island. 


8. Bathymetrical range: Shallow water to 147 fathoms. 
All the known species are thus confined to the littoral zone. 
y. Nature of the Sea-bottom: Pseudarchaster intermedius on gravel and stones. 


Pseudarchaster discus on Blue mud. Pseudarchaster tessellatus in shallow 
water (?) Simon’s Bay. 


Chorological Synopsis of the Species. 


Ocean. | Range in Fathoms. Nature of the Sea-bottom. | 
i | | 
Pseudarchaster discus. . | Pacific. 147 Blue mud. 
Pseudarchaster intermedius . | Atlantic. 49 | Gravel and Stones. 
Pseudarchaster tessellatus . : | Atlantic. | Shallow water (?) _ Shallow water (2) 
| | 


1. Pseudarchaster discus, n. sp. (Pl. XIX. figs. 1 and 2; Pl. XLII. figs. 3 and 4). 
Rays five R=30mm.;r=12mm. R=2571. 
Rays rather short, broad at the base and tapering gradually towards the extremity, 


breadth midway between the centre of the disk and the extremity, 65 mm. Interbra- 
chial arcs wide and well rounded. 


~ 
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The paxille of the abactinal area are roundly hexagonal, tabulate, and closely placed, 
usually with about a dozen short, roundly truncate, polygonal granules, those occupying 
the central portion of the tabulum being a shade larger than the rest, whilst some of those 
at the extreme margin are very small. The primary apical plates (basals and first radials) 
are distinguishable and bear the largest paxille on the disk, the other paxille diminish 
slightly in size as they approach the margin and proceed along the ray. The paxillee 
are arranged in regular longitudinal lines parallel to a series which occupies the median 
dorsal line, and which are rather larger than the rest. A considerable number of inter- 
mediate plates (paxille) are present between the dorso-central plate and the five “basal ” 
plates, the position of these being at about one-third of the distance from the centre to 
the margin. The madreporiform body is comparatively large, and lies external to, and 
independent of, the adjacent basal plate, which is little more than half its size. 

The marginal plates form a well-rounded lateral wall, the curvature of which is 
semicircular in section. The supero-marginal plates are twenty-eight to thirty in number 
from the median interradial line to the extremity. In the interbrachial are the height 
of the plates is about twice their length, but on the outer part of the ray the height is 
relatively less. The breadth of the marginal border, as seen from above, is also somewhat 
greater in the interbrachial arc than out upon the ray. The supero-marginal plates are 
covered with a closely packed polygonal granulation. The granules are short and flatly 
truncate, and are twice as large on the inferior half of the plates as on the superior. No 
prominent spines are present on the supero-marginal plates. 

The infero-marginal plates ‘correspond to the superior series, but extend rather further 
on the actinal area than the superior plates do on their area. The granulation of the 
inferior series has a marked tendency to become squamiform, especially on the inferior 
portion of the plate where it is much smaller. On the portion of the plate adjacent to 
the superior series are usually one or two granules larger and more prominent than any 
of the others. In the interbrachial arc three short, tapering, sharply adpressed spines 
stand at well spaced distances on the median line of the plate; but out upon the ray 
seldom more than one is present. 

The armature of the adambulacral plates consists of a furrow series of rather elongate, 
delicate spines, six in number, which increase in thickness towards their free extremity, 
and are roundly truncate. External to these is a longitudinal series of three spines, rather 
widely spaced, shorter than the furrow spines, but rather more robust and tapering ; and 
these again are followed by two series of four spines, which are shorter and more closely 
placed, and usually regular within the disk, but subject to some confusion on the outer 
part of the ray. 

The first series of actinal intermediate (ventral) plates adjacent to the adambulacral 
plates present a remarkable arrangement of granules. These stand in three or four regular 
lines, transverse to the furrow, the two lateral series on each plate being inclined slightly 
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towards the corresponding series on the adjacent plate, and thus forma rough kind of 
fasciole, if such a term were permissible for the short stumpy granules of which they are 
composed. About four or five granules are present in each series, and one or sometimes 
two similar and parallel lines of perpendicular and rather more robust granules occupy the 
median area of each plate. 

The remaining portion of the actinal interradial area is covered with short stumpy 
polygonal papilliform granules, conically pointed at the tip; and here and there one more 
elongate and spine-like at well spaced distances apart. 

The mouth-plates bear two series of spines: one forming a straight line, and proceed- 
ing along the side of the suture uniting the two plates, and the other following the 
opposite outline of the plate and consequently forming a bent series. The six or seven 
innermost spines, which fall in the furrow margin of the plate, are as long as the adambu- 
lacral spines, the foremost spine of all being larger than the rest; the three or four 
remaining spines of this series which follow the line of the plate adjacent to the 
neighbouring adambulacral plate are quite small and papilliform. The inner series, which 
runs parallel to the median suture of the mouth-plates, is composed of about eight or 
nine spines, the outermost of which are little more than granules, but the size gradually 
increases until the innermost is about equal in length to the marginal series. 

Colour in alcohol, bluish grey over the paxillar area and mottled with the same on 
the actinal interradial areas and the infero-marginal plates within the interbrachial ares ; 
the rest of the animal is a dirty ashy white. 

Locality.—Station 307. In the Messier Channel, between the western coast of 
Chili and Wellington Island. January 4, 1876. Lat. 49° 24’ 30” S., long. 74° 23’ 
30” W. Depth 140 fathoms. Blue mud. Surface temperature 53°:0 Fahr. 

Remarks.—This species is readily distinguished from Pseudarchaster tessellatus and 
Pseudarchaster intermedius by its shorter rays and larger disk, the latter being also 
flatter. It is further specialised by the presence of the remarkable post-adambulacral 
fascioles, which are not present in the other species. Pseudarchaster discus resembles 
Pseudarchaster tessellatus in having a well-defined line of sharp spinelets along the 
median line of the infero-marginal plates, and resembles Pseudarchaster intermedius in 
having no prominent spine in the outer part of the adambulacral armature. 


2. Pseudarchaster tessellatus, n. sp. (P]. XVII. figs. 3 and 4; Pl. XVIII. figs. 9 and 10). 


Rays five R= 48 mm.; r=16mm.; R=38r. 

Rays narrow and slightly tapering, rather abruptly pointed at the extremity, breadth 
midway between the centre of the disk and the extremity, 8 mm. Interbrachial arcs 
wide and well rounded. 

The paxillze of the abactinal area are regularly hexagonal, tabulate, and closely placed, 
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each surmounted by seven or eight short truncate polygonal granules, usually surrounding 
a central one, but the latter is not always present; in addition to these, a few much 
smaller ones may also be seen here and there on the periphery. The bases of the paxillee 
have star-like prolongations, and single papulz occur in the interspaces. The paxille are 
largest at a short distance from the centre, and decrease in size as they proceed outward. 
A perfectly regular series, slightly larger than the rest, proceeds along the median abactinal 
line of the ray, and the other paxillee form regular longitudinal series parallel thereto, the 
paxillee of one series alternating with those adjacent of the next, and thus form a com- 
pactly fitting tessellation. The primary embryonic apical plates are discernible. The five 
basal plates are rather larger than any of the other paxille, and the primary radials are 
next in size; a considerable number of intermediate paxille (plates) intervene between 
these cycles of plates and the dorso-central, which is small and difficult to distinguish. 
The periproctal aperture is placed on the right posterior of this plate; and the madre- 
poriform body is independent of, and external to, the adjacent basal plate, its position 
being consequently a little nearer the centre than the margin of the disc. 

The marginal plates form a uniformly rounded lateral wall to the disk and rays. The 
supero-marginal plates are thirty-five in number from the median interradial line to the 
extremity. Owing to the curvature of their rounding the supero-marginal plates present 
a well-defined border of uniform width when viewed from above, the apparent breadth 
being about equal to half the width of the intermediate paxillar area, midway on the ray. 
The height is greater than the length in the proportion of three to two or even more. In 
the interbrachial are a faint tendency towards convexity is discernible along the median 
line of a plate perpendicular to the axis of the ray. The supero-marginal plates are 
compactly covered with a rather large hexagonal granulation, low and truncate, with a 
slightly smaller series round the margin of each plate, but all uniform in height. The 
supero-marginal plates are devoid of true spines. The odd terminal plate is small and 
shield-shaped, deeply excavated inferiorly. 

The infero-marginal plates correspond in length and curvature to the superior 
series; their granulation, however, has a decided tendency to assume a squamiform 
character owing to its somewhat greater length and oblique attachment. Nevertheless 
the covering of the plates is still essentially granuliform, thick, and apparently of uniform 
size with the covering of the supero-marginal plates. ach plate usually bears one to 
three very small compressed, pointed, inconspicuous spinelets, standing in the median 
line and wide apart, the largest about 1 mm. in length. 

The armature of the adambulacral plates consists of a palmo-radiate furrow series of five 
or six small straight spinelets, which are delicate towards the base and slightly thickened 
towards the roundly truncate extremity. The outside spines of each series are a little 
smaller than the middle ones. External to the furrow series may be one or two longitudi- 
nal series, each with four short stumpy papilliform spinelets, slightly tapering towards the 

(ZOOL, CHALL. EXP.—PART LI.—1887.) 15 


114 THE VOYAGE OF H.M.S. CHALLENGER. 


extremity, and shorter than those of the furrow series. In the middle of this outer series, 
or immediately external to it, is a larger spinelet equal in length to the furrow series, 
but much more robust, conical, and sharply pointed, usually directed outward and 
obliquely forward ; and behind this, two more series of small granuliform spinelets which 
form a transition to the spinulation of the infero-marginal and actinal intermediate 
plates. It should be stated that it is not always possible to define the arrangement with 
as much regularity as here described, at least in the last three longitudinal series, and 
the armature in consequence often assumes a more or less grouped appearance. The 
furrow series, the first external longitudinal series, and the prominent conical spine 
behind always maintain, however, their regularity. 

The actinal interradial areas are well-developed, and the intermediate plates are 
covered with a uniform, papilliform spinulation, which has a tendency to appear squami- 
form and similar to the covering of the infero-marginal plates. Here and there short, 
flattened, adpressed, pointed spinelets occur, suggesting the presence of one in the centre 
of each of the larger plates on the inner part of the area; but the uniformity of the 
general spinulation prevents any trace of the individual plates being made out. 

The mouth-plates are elongate, and their armature is arranged with great regularity. 
Each plate bears two lineal series of about ten to twelve papilliform spinelets, which 
increase in length as they approach the mouth. On the outer part of the plate the com- 
panion series on each plate are close together and nearly parallel, but on the inner part 
of the plate the inner six spinelets are a little more widely spaced from the companion 
series, There are thus four regular series of spinelets on each pair of mouth-plates, and the 
innermost spine of each series is slightly larger and more robust than any of the others. 
The inner six pairs of spinelets differ but little in length, and are considerably longer 
than the outer spinelets, which are all on the surface of the plate. 

Colour in alcohol, a dirty bluish grey over the paxillar area, an ashy yellowish grey 
on the margins and actinal surface. 

Locality.—Simon’s Bay, Cape of Good Hope. (Exact position and depth not 
recorded.) 

Remarks.—In the example above described the abactinal area is almost flat, excepting 
the faintest approach to convexity in the radial areas of the disk, and a corresponding 
slight sulcus or depression along the median interradial line. 

In a younger specimen, having a major radius of 32 mm., the abactinal area of the 
disk is distinctly convex and inflated, a character which is further emphasised by the faint 
interradial depression ; and the convexity extends along the abactinal area of the rays. 
It is also to be remarked that in the younger example, the prominent conical spine in the 
adambulacral armature is not yet conspicuously developed. 
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3. Pseudarchaster intermedius, n. sp. (Pl. XIX. figs. 3 and 4; Pl, XLII. fis. 5 and 6). 


Rays five R=35mm.; 7r=llmm. R>3r. 

Rays moderately long, tapering continuously from the base to a finely pointed 
extremity; breadth midway between the centre of the disk and the extremity, 6°5 mm. 
Interbrachial arcs well-rounded. 

The paxille of the abactinal area are rather small, subcircular, and closely placed, 
surmounted by ten to fifteen short, truncate, polygonal spinelets, two or three central ones 
usually larger than the rest, but these are irregular in disposition, and smaller ones may 
appear at the periphery and increase the difficulty of enumerating the spinelets. The 
paxille are disposed in regular longitudinal lines along the ray, a median radial series being 
clearly distinguishable and slightly larger than the others. The primary embryonic plates 
are discernible, though not much larger than the neighbouring plates external to them. 
The paxille diminish slightly in size as they approach the margin and proceed along the 
ray. A considerable number of smaller paxillze occupy the area within the circle of the 
primary basal plates, and the dorso-central plate is small and inconspicuous. The madre- 
poriform body is small and sunken, and lies external to its adjacent primary basal plate. 

The marginal plates form a well-rounded lateral wall, the curvature of the inferior 
series being slightly fuller or more tumid than that of the superior series, The supero- 
marginal plates are thirty-two in number from the median interradial line to the extremity. 
The height of the plates in proportion to their length is greatest in the interbrachial 
arc ; and the breadth of the marginal border as seen from above is also rather broader 
in the interbrachial are. Midway along the ray it is nearly equal to the breadth of 
the intermediate paxillar area. The supero-marginal plates bear no spines, but are covered 
with a low, truncate, closely packed polygonal granulation. The granules are largest 
near the summit of the are of curvature; and the plates are slightly tumid along their 
median line, transverse to the axis of the ray. The odd terminal plate is of a rounded 
shield-shape, and subtubercular in appearance. 

The infero-marginal plates correspond to the superior series; their covering, how- 
ever, is distinctly squamiform, except at the extreme margins, where the granules at the 
outer end of the plate partake of the character of those of the adjacent supero-marginal 
plates, whilst those at the inner end form a transition to the granules of the actinal 
intermediate plates. Some of the squamules on each plate are more elongate and 
spiniform than the rest, but the definite line of small pointed adpressed spines noticed in 
Pseudarchaster tessellatus and Pseudurchaster discus is wanting in the present species. 

The armature of the adambulacral plates consists of a furrow series of five spines, 
their base line forming an acute angle into the furrow. They are moderately long and 
thickened towards the extremity, which, in the case of the middle spine, is more or less 
flattened in the direction transverse to the axis of the ray, but in the other spines in the 
direction of the margin of the plate to which they are attached. External to the furrow 
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series is a line of three short papilliform spinelets parallel to the furrow, rather wide apart, 
and of which the two outside spines often appear as if they belonged to the furrow series. 
Behind these is a second and similar longitudinal series of three spines, the middle one 
being often longer than the others; and these are followed by three or four smaller papille, 
completing the armature of the plate. The furrow series have a decidedly palmo-radiate 
appearance, and the spines of the external series have a tendency to incline at a slight 
angle towards the next adjacent adambulacral plate. 

The actinal interradial areas are comparatively small and are ornamented with short 
papilliform granules, which appear to be arranged rather widely apart round the margins 
of the plates; sometimes one or more papillze are present in the middle of this circlet, 
and occasionally one is slightly larger than the rest. Consequent on this arrangement 
the individual plates are more or less defined, but are not distinct ; the spinulation is by 
no means crowded. 

The pair of mouth-plates form a subelliptical or widely fusiform outline. Hach plate 
bears a straight line of about ten short papilliform spinelets running parallel to the 
median suture, and a similar number on the opposite margin of the plate which con- 
sequently form a curved series ; one or two additional spinelets may be present on the 
intermediate area of the plate. ‘The marginal spines are about equal in length to 
the adambulacral spines, but are rather more robust. 

Colour in alcohol, a yellowish ashy grey. 

Locality.—Station 49. Off the coast of the United States, south of Halifax, Nova 
Scotia. May 20, 1873. Lat. 43° 3’ 0” N., long. 63° 39’ 0” W. Depth 85 fathoms. 
Gravel and stones. Bottom temperature 35°°0 Fahr. ; surface temperature 40°°5 Fahr. 

Remarks.—This species is allied in many respects to Pseudarchaster tessellatus. The 
rays, however, are more tapering, the abactinal area is less inflated, the paxille though 
smaller are composed of more numerous spinelets, the marginal border formed by the 
supero-marginal plates is broader, the covering of the infero-marginal plates is more 
squamiform, and the definite single line of pointed spinelets which occurs in Pseudarchaster 
tessellatus is not present. There is no large prominent spine on the outer part of the 
adambulacral armature as in the South-African species. 


Genus Aphroditaster, Sladen. 
Aphroditaster, Sladen, in Narr. Chall. Exp., 1885, vol. i. p. 612. 


Disk rather small. Rays elongate, tapering. Interbrachial arcs well rounded. 

Marginal plates broad, forming a well-rounded margin; intermediate abactinal area 
narrow and sunken. Supero-marginal plates with rounded granules, infero-marginal plates 
with small, uniform, conical-pointed, adpressed (squamiform?) spinelets. No prominent 
spines on either series. 


REPORT ON THE ASTEROIDEA. 117 


Abactinal area with large oblong hexagonal paxillz, the major axis in the direction 
of the axis of the ray. A conspicuous medio-radial series larger than the rest, each of these 
paxille being well spaced from its neighbours in the series. Papulee regularly distributed. 
Abactinal plates arranged in lines parallel to the axis of the ray (longo-radial). 

Actinal interradial areas small, with plates bearing small, conical-pointed spinelets 
similar to those on the infero-marginal plates. 

Armature of the adambulacral plates in two longitudinal series parallel to the 
furrow. The post-adambulacral series of intermediate plates with fascioles at the margins 
obliquely transverse to the axis of the ray. 

Madreporiform body small. No pedicellariz. 

Remarks.—This handsome form resembles in many respects the general facies of 
several of the unarmed Archasteride and Astropectinide. It is distinguished from the 
preceding genus by the longitudinal arrangement of the adambulacral armature, and by 
the presence of the remarkable “ fascioles” on the post-adambulacral plates. 


Chorology of the Genus Aphroditaster. 


a. Geographical distribution :— 


ATLANTIC: One species between the parallels of 30° and 40° N. 
Aphroditaster gracilis between the islands of San Miguel and 
Santa Maria (Azores). 


8. Bathymetrical range: 1000 fathoms. 
y. Nature of the Sea-bottom: Volcanic mud. 


Chorological Synopsis of the Species. 


| Ocean. Range in Fathoms. | Nature of the Sea-bottom. 


| A phroditaster gracilis. : Atlantic 1000 Voleanie mud. 


1. Aphroditaster gracilis, n. sp. (Pl. XVII. figs. 1 and 2; Pl. XVIII. figs. 7 and 8). 

Rays five. R= 59-60 mm.; r=15 mm. R= 4. approximately. 

Rays elongate, tapering gradually from the base to the narrow, pointed extremity, 
which is slightly turned upward ; breadth midway between the centre of the disk and the 
extremity, 8 mm. Interbrachial are well rounded. 

The paxille of the abactinal area are moderately large, tabulate, and recularly hexa- 
gonal ; those along the ray have their longest diameter in the direction of the axis of the 


c=) 
ray, and all are arranged in regular longitudinal series. A series of paxille, which are 
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larger than the rest, occupy the median radial line, and the other paxille form series parallel 
to this and more widely spaced ; only the median series extending along the outer fifth of 
theray. Throughout the ray, except at the extreme base, the intermediate paxillar area is 
distinctly narrower than the breadth of the supero-marginal plates. The primary embryonic 
apical plates are discernible, and are rather larger than the other plates. Several series of 
rather smaller intermediate paxille intervene between the cycle of basal plates and the 
dorso-central plate, which is rather small and inconspicuous ; the periproctal aperture lies 
external to this. The paxille decrease in size as they recede from the neighbourhood of 
the primary plates and approach the margin and extremity of the rays. The paxille 
consist of fifteen to twenty short, truncate, polygonal granules, rather well spaced, borne 
on the tabulum, and often with numerous much smaller cilia-like spinelets appearing 
at the periphery. In the series of paxillee forming the median radial line, the short sides 
of the paxillze which form the adoral and aboral extremities always have a small series 
of these cilia-like spinelets directed towards the corresponding set of the adjacent plate, 
cuarding like comb-formed pedicellariz the little spaces between adjacent plates men- 
tioned above. ‘The madreporiform body is small and slightly sunken ; it is subtriangular 
in outline, and lies external to its adjacent basal plate (paxilla), the area of which is some- 
what larger. Its position is about midway between the centre of the disk and the inner 
margin of the supero-marginal plates. 

The marginal plates form a uniformly rounded lateral wall to the disk and rays, and 
present the appearance, when seen from above, of a broad well-defined marginal border, 
which is especially emphasised in consequence of the whole intermediate paxillar area 
being sunken below the level of the supero-marginal plates. The central area of the 
disk is shghtly inflated and convex. The supero-marginal plates are thirty-one in number 
from the median interradial line to the extremity ; and are greater both in breadth and 
height than in length. The actual height of the innermost plates in the interbrachial 
angle is nearly twice the length, but the measurement along the surface of curvature,— 
z.e., the dimension at right angles to the line of length is approximately proportional to the 
length as five to two. The succeeding plates are a little longer than the foregoing, and their 
height is rather less; but they decrease as they proceed along the ray, and the relative 
proportions of length, height, and breadth also become less. All the plates are slightly 
convex along their median line perpendicular to the axis of the ray. The supero-marginal 
plates bear no spines, but are covered with rather widely spaced, large, semiglobular, semi- 
transparent granules which diminish in size near the margins of the plate, a subregular 
lineal series of small granules standing at the lateral margins. The odd terminal plate is 
small and shield-shaped ; and the tip of the ray is slightly curved upward. 

The infero-marginal plates are thirty in number, and although they approximately 
agree in length with the companion plates of the superior series the divisional sutures 
are not always directly sub-imposed. The infero-marginal plates bear no spines, but are 
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covered with short, small, conical-tapering, and sharply pointed thornlets, which are rather 
widely spaced, adpressed, and diminished in size near the margins, the smaller ones 
being less sharply pointed. At the extreme margin of the plate adjacent to the supero- 
marginal series there are a few of the rounded granules similar to those on the latter, 
which gradually form a transition to the thornlets above described. At the lateral 
margins of the plates the thornlets stand in a lineal series which is directed obliquely 
towards the adjacent plate and forms a sub-fasciolar fringe arching over the slight channel 
at the suture. On the inner part of the channel six or seven of the thornlets on each 
of the adjacent plates are modified into short flattened truncate papilla, those of one 
plate being directly opposed to the corresponding series on the adjoining plate, and 
thus form a peculiar and more definitely fasciole-like organ. On the three innermost 
sutures in the interbrachial are this structure is not present, but it may be traced along 
the ray as a definite organ almost to the tip, diminishing of course in size as it proceeds 
outwards. 

The armature of the adambulacral plates consists of a furrow series of eight or nine 
short, slightly compressed, obtusely rounded papilliform spinelets, equal in length, and 
with the flattening at right angles to the direction of the ray. The spines appear slightly 
geniculated and stand upright side by side, and their base line is a flattened curve, 
the curvature inwards being greatest at the aboral extremity of the series. The two 
last spinelets at this end of the series stand slightly apart from the rest and from one 
another, are somewhat smaller and different in character, and the outermost spinelet at 
the adoral extremity of the series is also a little smaller than those which actually form 
the general ranks of the series. The comb of furrow-spinelets, even when standing 
perpendicularly, touches that of the corresponding plate on the opposite side of the furrow, 
and consequent on the curvature of the line of furrow spines on each adambulacral plate 
a series of small circular apertures is formed in the median line of the furrow through 
which the ambulacral tube-feet may be seen, and indeed were it not for these aper- 
tures the ambulacral furrow would be entirely enclosed. External to the furrow series 
is an irregular lineal series of four or five short, conical-tapering, pointed spinelets, 
running parallel to the furrow; these are rather wide apart and shorter than the 
furrow series on the inner part of the ray, where they are little more than blunted 
papilla, but increase slightly in length as they proceed outwards, and one or two of the 
middle ones-may be twice the length of the others, On the plates near the mouth 
there are seldom any other granules external to the lineal series; near the commence- 
ment of the free part of the ray, however, a few very small thornlike granules are 
present, whilst near the middle of the ray these may form a second irregular lineal series 
external and parallel to the outer series of spinelets above-mentioned. 

The actinal interradial areas are comparatively small. The series of plates adjacent 
to the adambulacral plates have a regular marginal arrangement of papille simulating 
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pseudo-fascioles, obliquely transverse to the furrow. These are formed of six to eight 
short, flattened, truncate papille or spinelets of equal length, placed in lineal series along 
the adoral and aboral margins of the plate, and directed towards the corresponding series 
of the adjacent plate ; the intermediate area of the plate being occupied by several more 
or less regularly parallel series of papilliform granules, standing perpendicularly, which are 
short, subconical, and not flattened. The innermost plates of the series are subtriangular 
and meet in the median interradial line, their pseudo-fasciole running in continuation of 
the suture of the mouth-plates. Some of the pseudo-fascioles do not correspond to the 
junctions of the adambulacral plates. The remaining actinal intermediate plates are 
comparatively small, and decrease in size as they approach the margin; they are some- 
what indistinctly marked off into columns by the suture lines. The plates bear rather 
widely spaced, short, cylindro-conical, papilliform granules or thornlets, similar to those 
on the infero-marginal plates but not flattened ; their posture is, however, slightly inclined 
to the plate and directed outward. All are fairly uniform in size, though here and there 
one slightly larger than the rest may be seen with a magnifying glass, but is scarcely 
noticeable with the naked eye. 

The mouth-plates are small and rather inconspicuous. The margin which falls in the 
ambulacral furrow bears a lineal series of about ten spinelets similar to the furrow series 
on the adambulacral plates ; four or five short cylindrical spinelets are near the margin 
adjacent to the adambulacral plate and form an angle with the series just mentioned ; and 
a lineal series runs parallel to the margin which unites with the companion mouth- 
plate. Sometimes one or two additional spines may be present on the outer part of the 
plates and some irregularity may occur in the disposal of the spines there, which causes 
the spinulation of that part of the plate to assume a rather grouped appearance. 

Colour in alcohol, ashy white on the marginal plates, with the paxillar area of a 
darker dirty grey ; under side rather more yellow in tint. 

Locality.—Station 78. Between the islands of San Miguel and Santa Maria (Azores). 
July 10,1873. Lat. 37° 26’ 0” N., long. 25°13’ 0” W. Depth 1000 fathoms. Volcanic 
mud. Surface temperature 71°°0 Fahr. 


Subfamily ArcHASTERIN”, Sladen, 1886. 


Genus Archaster, Miiller and Troschel (1840), emend. Sladen, 1886. 
Archaster, Miiller and Troschel, Monatsber. d. k. Akad. d. Wiss. Berlin, 1840, p. 104; System der 
Asteriden, 1842, p. 65. 


Disk small. Rays elongate, broad, tapering more or less abruptly. Interbrachial 
angles acute. 
Supero-marginal plates confined to the margin, where they form a vertical wall. 
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Infero-marginal plates extending on the actinal area. Supero-marginal plates crowded 
with numerous small, uniform, cylindrical, miliary spinelets ; no large prominent spines. 
Infero-marginal plates covered with large, flat, squamiform, adpressed spinelets, with one 
or more similar, large but short, flattened spinelets at the margin adjacent to the supero- 
marginal plates. 

Abactinal area with subhexagonal oblong imbricating plates, bearing paxilliform 
groups of short spines. A conspicuous medio-radial series larger than the rest. The 
other plates form regular obliquely transverse series, each plate imbricating on the next 
in its own series by a single prolongation of peculiar form developed from the inferior 
surface of the plate. Papule regularly distributed. 

Actinal interradial areas almost nil, with very few actinal intermediate plates. 

Armature of the adambulacral plates triserial, simulating that of Astropecten. A 
series of three geniculated pointed spines in triangle on the furrow margin ; followed by 
one or two outer series of two to four flattened spines. 

Madreporiform body in mid area. Occasional pedicellarise (subforficiform) are present 
in the median series of spines on the actinal surface of the adambulacral plates. 

Remarks.—The genus Archaster, as originally constituted, comprised the two species 
named by its founders Archaster typicus and Archaster hesperus ; both are very remarkable 
forms and are widely separated from one another structurally. Indeed it is impossible any 
longer to retain them in the same genus; and it is difficult to account for their long 
companionship except on the ground that Archaster hesperus is of rare occurrence and 
has seldom been brought to Europe, and that nearly all the specimens preserved in 
museums are dry and more or less damaged. The only point then to determine is as to 
which of the two forms should stand as the type of the genus Archaster, which, in other 
words, would have been so regarded by its founders, and which of the two represents best 
the characters mentioned in their brief and very general diagnosis of the genus. That 
Archaster typicus fulfils these conditions I think there can be but little doubt; in the first 
place there is the specific or trivial name; 2d, its priority in the order of description ; 3d, 
its close conformity with the generic diagnosis, which would be very insufficient for a well- 
preserved example of Archaster hesperus; 4th, I am extremely doubtful whether any anus 
is present in Archaster hesperus, and the presence of this aperture was in Miller and 
Troschel’s opinion ‘the most marked character of all. On these grounds I consider 
Archaster typicus as the type form of the genus Archaster; whilst Archaster hesperus 
constitutes the type of a genus for which I propose the name of Craspidaster, the 
characters of which will be discussed on a subsequent page. 

Of all the species which have been referred to the genus Archaster since 1840 one 
only—Archaster angulatus of Miller and Troschel—presents the same structural characters 
as the type; the other forms have now been distributed amongst several different 
genera. 
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The following list will serve as a convenient means of reference and may appropriately 


find a place here :— 


Species erroneously referred to tire ore 
Archaster. 
Archaster agassizii, Verrill 
Archaster americanus, Verrill . 


Archaster andromeda, (Miiller and Troschel, sp. . Liitken 6 


Archaster arcticus, (Sars, sp.), Perrier 
Archaster bairdii, Verrill 
Archaster bifrons, Wyville Thomson 


Archaster christi, (Diiben and Koren, sp.), Peper : 


Archaster coronatus, Perrier . 

Archaster echinulatus, Perrier. 

Archaster efflorescens, Perrier . 

Archaster excavatus, Wyville Thomson 
Archaster flore, Verrill . 

Archaster formosus, Verrill 

Archaster grandis, Verrill 

Archaster hesperus, Miller and Troschel.. 
Archaster insignis, Perrier 

Archaster lucifer, Valenciennes, M. S. bal Pasiee 
Archaster magnificus, Bell 

Archaster mirabilis, Perrier 

Archaster parelii, (Diiben and Koren, sp. ), Sig 
Archaster pulcher, Perrier 

Archaster robustus, Verrill 

Archaster sepitus, Verrill 

Archaster simplex, Perrier : 
Archaster subinermis, (Philippi, sp. ), Perrier’ . 


Now referred to the Genus indicated in the 
following terms :-— 


Plutonaster (?) agassize, Verrill, sp. 


Psilaster andromeda, Miiller and Troschel, sp. 
Leptoptychaster arcticus, Sars, sp. 


Plutonaster bifrons, Wyville Thomson, sp. 
Psilaster andromeda, Miiller and Troschel, sp. 
Pontaster coronatus, Perrier, sp. 

Pontaster echinulatus, Perrier, sp. 


Leptoptychaster kergquelenensis, Smith. 
Bathybiaster (?) or Psilaster (2) 


Dytaster (?) grandis, Verrill, sp. 
Craspidaster hesperus, Miller and Troschel, sp. 


Dorigona longimana, Mobius, sp. 
Moiraster magnificus, Bell, sp. 

Pontaster mirabilis, Perrier, sp. 
Tethyaster parelii, Diiben and Koren, sp. 
Pontaster (?) pulcher, Perrier, sp. 


Pararchaster simplex, Perrier, sp. 
Tethyaster subinermis, Philippi, sp. 


Archaster tenuispinus, (Diiben and Koren, sp.), Sars 
Archaster vexillifer, Wyville Thomson 


Pontaster tenuispinus, Diiben and Koren, sp. 
Bathybiaster (2) vexillifer, Wyville Thomson, ‘sp. 

I have considered it best to withhold any expression of opinion on the generic affinities 
of some of these forms, as I have not had an opportunity of studying specimens, and I feel 
unable to form a correct judgment from the descriptions alone. In two or three cases 
where the description seemed to warrant a surmise I have hazarded a determination, and 
have placed a (?) after the genus. 


Chorology of the Genus Archaster. 
a, Geographical distribution :— 
InpiAN and 8. Pacitric Oceans : Two species between the parallels of 20° N. and 
40° 8. 

Archaster angulatus has its metropolis at Mauritius, and extends 

to Australia. There is a specimen recorded from Java in the Berlin 

Museum, named and mentioned by Miller and Troschel,’ but the 

1 System der Asteriden, p. 66. 
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determination seems doubtful; it is probably Archaster typicus.’ 
The species, however, is stated by M. Perrier” to occur in the Philip- 
pine Islands. 


Archaster typicus is found among the islands of the Eastern 
Archipelago, from the Philippine and Pelew Islands in the north, to 
New Guinea, the north coast of Australia and New Caledonia; and 
extends eastward to the Fiji and Tonga Islands. In the west it is 
found in the neighbourhood of the Nicobar Islands, In the Berlin 
Museum there are specimens reputed to be from Japan ;* but I am 
not aware of authenticated examples from this locality. 


8. Bathymetrical range: Shallow water to 250 fathoms. 


Greatest range of one species: Archaster typicus, shallow water to 250 
fathoms. 


y. Nature of the Sea-bottom: Archaster typicus occurs in shallow water on the coral 
reefs at the Fiji and Philippine Islands, and on Green mud in 250 fathoms off the 
Philippine Islands. Information as to the nature of the habitat of Archaster 
angulatus is wanting. All the specimens that I am acquainted with are from 
shallow water. 


Chorological Synopsis of the Species. 


| Ocean. Range in Fathoms. Nature of the Sea-bottom. 
Archaster angulatus . ‘ _ | Indian Ocean. Shallow water sets 
Archaster typicus . : 5 S. Pacific. { Shallow water to | { Coral reefs. 


| 250 fathoms. | | Green mud (250 fathoms). 


1. Archaster typicus, Miiller and Troschel. 


Archaster typicus, Miiller and Troschel, 1840 (April), Monatsber. d. k. Akad. d. Wiss. Berlin, p. 
104; System der Asteriden, p. 65. 

Astropecten stellaris, Gray, 1840 (November), Ann. and Mag. Nat. Hist., vol. vi. p. 181. 

Archaster nicobaricus, Mobius (n. sp., Behn, M.S.), 1859, Neue Seesterne des Hamburger und Kieler 
Museums, p. 13 (Abhandl. a. d. Gebiete Naturw. hrsg, v. d. naturwiss. Verein, Hamburg, Bd. iv., 
Abth. 2, 1860). 


Localities. —Samboangan, Philippine Islands. Depth 10 fathoms. 
On the reefs at Zebu, Philippine Islands. 


1 Dr, v. Martens remarks that this example seems scarcely distinguishable from Archaster typicus. (Ueb. 
ostasiatische Echinodermen, Archiv f. Natury., Jahrg. xxxii., Bd. i. p. 87.) 

2 Nouv. Archives Mus. Hist. Nat., 2e Série, 1884, t. vi. pp. 57, 88. 

3 These specimens are mentioned by von Martens, who also states: ‘ Mir ist er in Japan nicht vorge- 
kommen,” (Archiv 7. Naturg., Jahrg. xxxi., Bd. i. p. 353). 
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Station 200. Hast of Samboangan, Philippine Islands. October 23, 1874. 
Lat. 6° 47’ 0” N., long. 122° 28’ 6” E. Depth 250 fathoms. Green mud. Surface 
temperature 85°°5 Fahr. 

On the reefs at Kandavu, Fiji Islands. August 1874. 

Remarks.—Attention may be drawn to the occurrence of this species at 250 fathoms 
(Station 200), for it is, so far as I am aware, the greatest depth at which Archaster typi- 
cus has been found. I can detect no differences worthy of remark between these examples 
and specimens from shallow water. 

It is interesting to note that amongst this series from Station 200 there are two 
examples which are provided here and there with short, conical, robust, stunted spinelets, 
standing upright on the upper margin of the supero-marginal plates. These spinelets are 
quite irregular in their occurrence. In one of the examples less than a dozen are present 
on the whole starfish, but in the other case they are much more numerous. In this 
example it is also to be remarked that the lateral walls of the rays are much more vertical 
than in the other specimens from this locality, the supero-marginal plates being less 
bevelled or arched towards the abactinal surface, with which the lateral wall consequently 
forms a more angular junction, resembling in this respect the character of Archaster 
angulatus. In all other respects this interesting specimen is an extremely well-marked 
example of Archaster typicus. 

Lutken* has placed on record the presence of occasional spinelets on the supero- 
marginal plates of this species, and it appeared to be of frequent occurrence in the large 
series of examples from the Nicobar Islands studied by him. Through his kindness I had 
the opportunity of examining a remarkably fine example from Billeton in the Natural 
History Museum at Copenhagen, in which from four to six spinelets were present on each 
side of a ray. In the Museum at Leyden are examples from Java and the Togean Islands 
(N.E. of Celebes) also similarly characterised, and this form has been named in manuscript 
by Professor C. K. Hoffmann Archaster typicus, var. multispina. The presence of these 
spinelets on the supero-marginal plates is so very irregular and sporadic, and seems to 
me to be unaccompanied by any other character of sufficient importance, that I fail to 
appreciate the necessity of ranking the examples in question as a named variety. 

The normal composition of the adambulacral armature in this species is:—(1.) A 
furrow series of three spines, the middle one much in advance of the other two, at the 
apex of the angular projection of the plate; (2.) on the actinal surface of the plate are 
three spines, often flattened and truncate, forming a lineal series slightly oblique in 
relation to the axis of the ray (on the outer part of the ray there are usually only two’) ; 
behind these are two much smaller spinelets, placed wide apart and close to the margins 


1 Videnskab. Medd. naturh. Foren. i Kj¢benhavn, 1864 (1865), p. 136. 

? Liitken {has remarked on the apparent discrepancy in the original diagnosis of Miiller and Troschel 
(System der Asteriden, p. 65), in which two are stated to be the normal number. (Videnskab. Medd. naturh. 
Foren, i Kjgbenhavn, 1864 (1865), p. 135.) 
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of the plate. Sometimes one of these spinelets might almost be counted as belonging 
to the oblique series just mentioned, and sometimes one of them is wanting. 

The occurrence of the pedicellarize on the adambulacral plates in this species is very 
erratic, some examples being well provided, while others have very few. The pedi- 
cellarize, which are large and highly developed, have been figured and described by 
Perrier.’ A similar irregularity in the occurrence of the pedicellarise has been noticed 
by De Loriol* in Archaster angulatus; and I have observed the same fact in specimens 
from Mauritius in my own collection. 


Family PoRCELLANASTERID&, Sladen (1883), emend. 1886. 


Rays usually narrow in relation to the size of the disk, more or less produced. 

Marginal plates in superior and inferior series, thin, lamelliform, apparently naked, or 
covered only by an extremely thin epidermal tissue. 

Abactinal area covered with membrane, beset with simple spiniferous spicules or 
pseudo-paxillz, which occupy the whole or only a limited portion of the area. A central 
epiproctal prominence, more or less defined, frequently developed into an elongate tubular 
prolongation. 

Actinal interradial areas more or less extensive, paved with thin squamiform inter- 
mediate or ventral plates, more or less regularly disposed and covered with delicate 
membrane. 

Adambulacral plates elongate, simple, bearing spines (one to five in number) on the 
furrow margin only ; or there may be one or more series of small papilliform granules on 
the actinal surface of the plate. 

Cribriform organs along the vertical sutures of the marginal plates in the interbrachial 
ares, 

Ambulacral tube-feet in simple pairs, with conical pointed tips. 

Madreporiform body usually placed close to the marginal plates. 

Remarks.—In this family are included the genera Porcellanaster, Styracaster, Hypha- 
laster, and Thoracaster, which embrace a series of highly remarkable forms, nearly all of 
them exclusively from great depths, which were first brought to light during the cruise 
of the Challenger. I now associate with them the genus Ctenodiscus, whose structure 
indicates in many ways a community of descent, and shows a much nearer relationship to 
the present group than to the Astropectinidee, with which it has been previously classed. 
In many respects, however, Ctenodiscus differs considerably from the other members of 
the Porcellanasteride ; and its position in the family must, for the present, be regarded as 

1 Recherches sur les pédicellaires, &c., p. 95 (separate copy), pl. 2, figs. 12, 13 (Ann. Sct. Nat., 1869, 
t. xii, p. 287). 
2 Mém. Soc. phys. et hist. nat. Geneve, 1885, t. xxix., p. 79. 
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an isolated one. The structural characters of this genus appear to me to warrant its 
separation in a distinct subfamily. 

The Porcellanasteridz may be said to hold a divergent position between the Archas- 
teridee and Astropectinide, rather than a directly intermediate relation. In some respects 
they appear to present a more archaic character than the Archasteridz, but this, it seems 
to me, is dependent on striking features of structural detail rather than on general facies, 
and, as a matter of fact, is not borne out by the present state of our knowledge of the 
older forms of starfish life. Furthermore, this apparently archaic facies is largely due to 
the remarkable degree in which the Porcellanasteride present permanently characters 
which are regarded, in the majority of forms at least, as essentially embryonic. 

The following table will show the distinctive relations of the genera discussed in the 
succeeding pages, and will serve as a brief epitome of the more prominent superficial 
characters by which they may be recognised. The genera are divided into two subfamilies. 


Synopsis of the Genera included in the Family PorcELLANASTERID. 


A. Cribriform organs highly developed; localised. Actinal interradial areas 
with no fimbriated transverse channels . : ° : : . PoRCELLANASTERINE. 
a. Actinal intermediate plates naked. Adambulacral plates with a single 
series of spines on the furrow margin only. Terminal plates 
large, armed with conspicuous spines. Cribriform organs one 
to nine in number. 
a. With a tubular epiproctal elongation or anal funnel. Abactinal 
membrane with simple spiniferous spicules. Actinal inter- 
mediate plates not imbricated. Ambulacral furrows wide 
and exposed. Rays more or less turned back. Cribriform 
organs one to three, component structure lamelliform . j : . Porcellanaster. 
6. No tubular epiproctal prolongation, but a more or less definite 
conical peak may be present. Abactinal membrane with 
pseudo-paxille. Actinal intermediate plates imbricated and 
arranged in columns. Ambulacral furrows narrow and con- 
cealed. Rays not revertible. Cribriform organs five to nine 
(three in one case only), component structure papilliform. 
a. Rays very long. Supero-marginal plates with long 
robust spines, forming a single series along the 
median line. Spines of adambulacral armature 
long and needle-shaped, radiating apart. Mar- 
ginal plates united along the median line of the 
rays ; . : ‘ 5 : : . : » Styracaster. 
8, Rays short. No spines on the supero-marginal plates. 
Spines of adambulacral armature short, com- 
pressed, forming independent series or fans. : . Hyphalaster. 
bh. Actinal intermediate plates covered with spiniform granules. Adam- 
bulacral plates with papilliform spinelets on the outer portion 
of the plate. Terminal plates very small ‘and inconspicuous ; 
unarmed, Cribriform organs fourteen in number . 5 : : . Thoracaster. 
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B. With a simplified form of cribriform organ on the margins of each pair of 
marginal plates. Actinal interradial areas traversed by fimbriated 
transverse channels, in continuation of the fasciolar or cribriform 
channels between the marginal plates. : 5 . . . CTENODISCINE. 
a, A single genus : i : ‘ : : : : : ; : . Ctenodiscus. 

Another genus is ranked amongst the Porcellanasteridee by M. Perrier’ in a recent 
notice of the starfishes dredged by the “Talisman” Expedition. To this form the name 
of Pseudaster is assigned, but no description or diagnosis has yet been published, and all 
that we know about its characters is conveyed in the following brief statement :—“ Les 
Pseudaster ressemblent exactement & des Pentagonaster & cdtés légérement concaves ; 
leurs organes cribriformes sont rudimentaires, et leur plaque apicale grande et en forme de 
cceur” (loc. cit., p. 886). 

The Cribriform Organs.—A peculiar structure, apparently associated with special 
functions, occurs in this group. So far as I am aware it is not found, at least in 
the form presented by the Porcellanasteridz, in any other starfishes. As the structure 
is very constant, and appears to furnish a reliable character, useful for classificatory 
purposes, and also to be one of considerable morphological importance, I have pro- 
posed,” for the sake of brevity, to speak of it as the “‘ cribriform organ.” 

The structure in question is situated on the marginal plates in the interbrachial 
are; and the number of the supposed organs, which is constant in a species, may 
vary from one to more than a dozen in each are. The following brief account will 
indicate the general character of the organ throughout the series. 

In Porcellanaster the marginal plates are of uniform thickness and form a level 
plating, the successive plates fitting close together, and are not separated by any 
vertical furrow or marginal bevelling of the plate. In a species possessing only one 
of these organs in each arc (¢.g., Porcellanaster cxruleus, Pl. XX.), the structure 
about to be described is located in the median interradial line (fig. 3), and consists 
of a number of greatly compressed spinelets or lamelle arranged in vertical parallel 
lines (fig. 4). Hach of the lines thus formed is equal in length to the height 
of the two series of marginal plates, and is invested with membrane. Ten or more such 
lines or pseudo-lamelle are present on each side of the median interradial suture; and 
these do not stand quite perpendicular to the plane of the marginal plates, but are 
directed at a slight angle towards the median suture. At the upper or aboral extremity, 
where the organ terminates on the abactinal area, there is a grouping of the spinelets that 
belong to the abactinal membrane, which are also rather more robust here than elsewhere 
on the surface. At the lower extremity of the organ, the outer lamelle are rather shorter 
than the inner ones; and each being less than the next inward, a rounded outline is 
given to the lower or adoral extremity of the organ. Five or six flattened spinelets, 


1 Comptes rendus, (November 1885), t. ci. p. 886. 
2 Journ. Linn. Soc. Lond. (Zool.), 1883, vol. xvii. p. 215. 
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directed upward and slightly inward, are placed round this semicircular margin and form 
an elegant fringe or comb, which closes over, as it were, upon the series of lamellee. 

On examining this organ microscopically, it is found that each line or lamella is made 
up of a series of small lamella, which are placed end to end together, and thus form an 
apparently continuous line. Each component part or small integral lamella stands 
upright upon its own rounded scale-like base; and the lamellar plates are made up of 
a single series of delicate rods united by irregular dissepiments, the whole structure being 
covered with a membrane, which appears to have been furnished with vibratile cilia. The 
scale-like plate which forms the basal portion is directly superposed upon the surface of 
the marginal plate, the parts occupied by the cribriform organ being slightly hollowed 
out for its reception. The outermost lines (pseudo-lamelle) are composed of thicker 
individual lamelle than any of the others, and these integral lamellze stand wider apart 
and resemble flattened spinelets, cach built up of several series of rods. On the upper 
portion of each line transition can be traced from the delicate lamella, above described, 
to the simple rounded cylindrical spinelets of the abactinal membrane. 

Judging from the position and character of this organ, as well as from its relation 
to the abactinal area, it is not improbable that it acts as a percolator; and in such 
a ease it might perhaps be looked upon as the homologue of the armature of minute 
ciliary spines which borders the vertical furrows that run between the consecutive mar- 
ginal plates in Astropecten and other forms. ‘These fringes of delicate miliary spinelets 
in Astropecten were regarded by Alex. Agassiz’ as probably the representatives in 
Asteroids of the specially localised bands of delicate ciliary spinelets known as “ fascioles,” 
which are present in many of the genera of irregular Echinoids. 

In species which have more than one cribriform organ in each interbrachial are (Plates 
XXL, XXII, XXIIL, XXIV., XXV., XXVI. and XXIX.), the additional ones occur on the 
vertical sutures immediately succeeding on each side of the median line, and are identical 
with the median organ just described. No case of irregularity or intermission occurs in 
any of the specimens I have examined. The number of cribriform organs present in each 
are appears to be always constant in a species; and species exist which possess one, 
three, five, seven, nine, or even fourteen of the organs respectively. The organ varies 
in the different species as regards its breadth, the number of vertical parallel lines or 
pseudo-lamellze which compose it, and the character of the integral calcareous bodies, of 
which these latter are formed (Plates XXVII. and XXVIII.) In Porcellanaster the com- 
ponent parts are more or less lamellar in form, as described above, whilst in the allied 
genera Hyphalaster, Styracaster, Thoracaster, the corresponding elements are papilliform 
(Plates XXVIII. and XXIX.) 

The Segmental Pits and Papille.—These are peculiar structures situated on the 
adambulacral plates and the mouth-plates (Plate XXVII. figs. 2, 3, 6, 7). They consist 

1 North American Starfishes, Mem. Mus. Comp, Zool., Harvard, 1877, vol. v. No. 1, p. 119. 
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of apit which occupies the median area of the adambulacral plate, and is guarded by a small 
scale-like papilla articulated on the surface of the plate at the side of the pit nearest the 
furrow. ‘The papilla is capable of being shut down, closing the cavity or pit like a lid; 
but as to the function of these organs | am quite ignorant. The cavities are filled with 
a dark-coloured substance which may be either foreign or excreted matter. In one 
species I believe that the pits are aborted on the outer part of the ray, although the 
papilla are present. At present I only know of the existence of segmental pits and 
papillee in two species of Porcellanaster, both from great depths. ‘There are two pits 
and their accompanying papillae on each mouth-plate, and these afford a conspicuous 
indication that each mouth-plate consists of two adambulacral plates fused together 


(Pl. XXVII. figs. 2 and 6). 


Subfamily PorcELLANASTERIN#, Sladen, 1883. 
Genus Porcellanaster, Wyville Thomson. 


Porcellanaster, Wyville Thomson, 1877, Voy. of Challenger, Atlantic, vol, i. p. 378. 


Rays five, comparatively short, upturned at the extremities, and frequently reverted 
over the abactinal area. Disk more or less inflated. 

Supero-marginal plates not united along the median line of the ray, usually bearing a 
spine, and these form a series on each side of the ray. 

Abactinal area covered with membrane, beset wholly or in limited areas with simple 
spiniferous spicules. A more or less elongate tubular epiproctal prolongation is present in 
the centre of the disk, which may be equal in length to the radius of the disk. 

Actinal interradial areas paved with thin plates, more or less regularly disposed, 
but not imbricating and not arranged in definite columns, covered with delicate mem- 
brane. 

Ambulacral furrows wide and exposed. Armature of the adambulacral plates con- 
sisting of one to three elongate, tapering, and sharply pointed spines, usually radiating 
apart. 

Cribriform organs one to three in number. 

Segmental pits and papillze may be present. 

Remarks.—Under favourable conditions, I have detected an extremely minute pore at 
the extremity of the.tubular epiproctal prolongation in Porcellanaster. It is, however, 
so very small that I do not think it can act (in the adult at any rate) as an anal 
aperture, although it may probably be an excretory orifice. (Dr G. O. Sars? has 


1 Researches on the Structure and Affinity of the Genus Brisinga, University-Program, Christiania, 1875, 


p. 50. 
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entertained similar doubts as to the anal function of an excentral aperture on the 
abactinal area in Brisinga. In the case of Brisinga, however, the opening seems to 
me to be really an anal pore.) 

I have also found a similar pore at the extremity of the epiproctal peak in Ctenodiscus, 
and likewise in Hyphalaster. 

Sir Wyville Thomson! stated that “the excretory opening [in Porcellanaster 
cxruleus | is very distinct in the centre of the dorsal perisom of the disk.” This seems 
‘to me rather an inadvertent remark, and probably arose from the examination of a speci- 
men in which the extremity of the epiproctal funnel was either invaginated or actually 
broken off. 

I have observed under the microscope that some of the small membrane-invested 
spinelets on the abactinal area are either cleft or double, and simulate the appearance of 
the sacculate pedicellariz in Bathybiaster described by Danielssen and Koren.? Whether 
they actually perform the functions of pedicellarize or not, | am unable to say. They 
are generally situated near the marginal plates, and are usually most numerous in the 
neighbourhood of the madreporiform body. 

So far as I can judge from the description, the genus Caulaster, founded by Perrier * 
in 1882, seems to be asynonym of Porcellanaster. The new genus was established for 
the reception of two small starfishes dredged by the “ Travailleur” in 1880 off the north 
coast of Spain from a depth of 1960 and 2650 metres respectively, and the name 
had reference to the “dorsal peduncle ” with which they are furnished. Both specimens 
are very small, the larger of the two measuring only 5 mm. from the centre of the 
disk to the extremity of a ray. In the smaller one the embryonic plating of the 
disk is still present. The few striking characters briefly mentioned by M. Perrier 
accord in every particular with Porcellanaster; and so far as I am able to judge 
from the meagre information, I am constrained to regard these interesting starfishes 
as young forms of some species of that genus. As to their identity with, or dis- 
tinction from, the western Atlantic species Porcellanaster cxruleus, Wyville Thomson, 
I am not in a position to express an opinion. The smallest examples of that form 
with which I am acquainted are larger than those named Caulaster pedunculatus by 
M. Perrier. 

In referring to the alliance of his type with Ctenodiscus, M. Perrier states 
that the marginal plates of Caulaster form only a single row (“les plaques mar- 
ginales, peu visibles, ne forment qu'une seule rangée, comme chez les Ctenodiscus”). 
I venture to think that on closer examination a double row (7.e., a supero-marginal 


1 Voyage of the Challenger, The Atlantic, London, 1877, p. 380. 

* Nyt Mag. f. Naturvidensk., 1877, Bd. xxiii, 3die Hefte, p. 63; Den Norske Nordhavs-Expedition, 
1876-78, xi., Zoologi, Asteroidea, Christiania, 1884, p. 90. 

3 Comptes rendus (Dec. 1882), t. xcv. p. 1379. | 
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and an infero-marginal series) will be found to exist. There is distinctly a double 
row in Ctenodiscus. 

The young form of Porcellanaster from Station 137, described on a succeeding page 
(p. 145), presents in such a remarkable manner all the characters mentioned by Perrier 
as characterising Caulaster (excepting only the single row of marginal plates ascribed to 
Caulaster, in my opinion with doubtful accuracy), that I cannot any longer believe that 
the two forms belong to different genera. If my assumption is correct Caulaster as a 
generic name must obviously give place to Porcellanaster. 

If my opinion that Caulaster is in reality a young Porcellanaster be correct, or if I 
read the statements concerning that form rightly, the homology which Perrier has sought 
to establish between, what he calls, the “ pédoncule dorsal” of that starfish and the 
stem of a Crinoid has no morphological basis whatever. The so-called dorsal peduncle seems 
to me to be nothing more or less than an extraordinarily developed anal funnel (whether - 
aborted in function or not is immaterial for the present argument), and as such it is 
the homologue of the anal funnel of a Crinoid. According to my views of Echinoderm 
morphology it could not possibly be the homologue of the stem of a Crinoid, because 
the dorso-central plate still exists independently in Porcellanaster, and clearly also in the 
so-called Caulaster, according to Perrier; and, in my opinion, it is with this plate alone 
that any relationship with the stem of a Crinoid could exist in the apical system of 
an Asterid. Furthermore, the “pédoncule dorsal” of Porcellanaster and Caulaster is 
excentric in position and situated at the side of the dorso-central plate, as is invariably 
the case with the periproct in all larval Asterids in which we have been able to 
observe the primative apical plates. If therefore the assumption that the ‘ pédoncule 
dorsal” of Caulaster is the homologue of the stem of a Crinoid be admitted, it 
follows logically that the anal aperture or periproct of all Asterids must be regarded 
as the homologue of the stem in a Crinoid; and it will impose upon those who accept 
this view the task of indicating a new and rational homology for the dorso-central 
plate, and also of explaining the extraordinary morphological changes which have led 
to the terminal extremity of the alimentary canal of the starfish coming to occupy 
the position of the stem in the Crinoid, an independent structure with which, in that 
type, it always has been and still remains, unconnected, and from which it is alto- 
gether distinct. 

MM. Danielssen and Koren’ have ascribed, but in more guarded terms, a similar 
homology to the dorsal appendage of Jlyaster. They accept Perrier’s deductions with 
reference to Caulaster, but they do not discuss the question at issue, neither do they throw 
any light upon the validity of the argument. They appear, however, to consider that the 


1 Nyt Mag. f. Naturvidensk., 1883, Bd. xxviii, 1, pp. 7-10; Den Norske Nordhays-Expedition, xi., 
Zoologi, Asteroidea, Christiania, 1884, pp. 102, 103. 
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form which they have described so ably under the name of Ilyaster mirabilis supports 
the views upheld by Perrier, and should be ranked in the same category as forming “a 
connecting link between Crinoidea and Asteroidea” on account of the presence of its 
remarkably developed dorsal appendage. 

It is probable that the apical plates of I7yaster have never yet been observed (they 
had not been seen when the type, which is probably too large to possess them, was 
described) ; and I venture to consider that the abactinal prolongation in J/yaster, like that 
in Caulaster, is also an anal funnel (whether functional or not I cannot say), and that, 
such being the case, it does not lend any support to the view that this remarkable 
development is in any way homologous to the stem of a Crinoid. I would further remark 
that this most interesting form Ilyaster mirabilis appears to me to be more nearly allied 
to the Astropectinide than to any of the genera which I have included in the family 
Porcellanasteridee. 

With reference to the foregoing remarks, it may be pointed out that Dr P. Herbert 
Carpenter’ hesitates to accept the homology of the dorsal appendage of Caulaster and 
Tlyaster with the stem of a Crinoid, and considers that the assumption is not yet satis- 
factorily proved. Carpenter also points out that Perrier’s comparison of the plates round 
the dorsal appendage of Caulaster with those forming the periproct of an Urchin cannot 
be followed out in detail, as, according to Perrier’s description, the apical system of 
Caulaster consists, not of genitals and oculars (basals and radials) as in an Urchin, but of 
under-basals and basals. With these views I entirely concur. 

In conclusion I would add that I am altogether at a loss to reconcile Perrier’s view 
according to which “le dos des Astéries correspondrait & la région buccale des Oursins et 
non 4 leur région anale”* with his comparison of the apical system of Caulaster with that 
of an Urchin.’ For either the proposition is self-contradictory, or, if it be true that the 
abactinal area of Caulaster corresponds to the apical region of the Echinoid, whilst the 
abactinal area of all other Asterids corresponds to the buccal region, it seems to me only 
another way of saying that the abactinal area of Caulaster corresponds not to the 
abactinal area, but to the actinal area in other Asterids. I will not do M. Perrier the 
injustice of thinking for a moment that he believes this to be the case. 

For my own part I consider, along with Lovén,* Carpenter,’ Agassiz,° and other 
naturalists, that the buccal region of an Asterid, of an Echinoid, and of a Crinoid are cor- 
respondent, and consequently that the apical systems of an Asterid or Kchinoid. and the 
calyx of a Crinoid are homologous parts. . 

1 Report on the Crinoidea, Voyage of H.M.S. Challenger, Zool. Chall. Exp., 1884, Part xxxii, p. 401. 

2 Nouv. Archives Mus. His. Nat., 2e Sér., 1884, t. vi. p. 162. 3) 

3 Comptes rendus (Dec. 1882), t. xcv. p. 1380. 


4 Etudes sur les Echinoidées, K. Svensk. Vetensk. Akad. Handl., 1874, Bd. xi. No. 7. 


5 Report on the Crinoidea, Voyage of H.M.S. Challenger, Zool. Chall. Exp., 1884, Part xxxii. p. 401. 
6 Mem. Mus. Comp. Zool., Harvard, 1877, vol. v. No. 1. 
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Synopsis of the Species included in the Genus Porcellanaster herein described. 


A. One cribriform organ in each interbrachial are. Adambulacral plates with two 
or three spines. No segmental pits or papille. 
a. Rays short. Abactinal membrane with spinelets confined to limited areas . cxeruleus. 
b. Rays long. Abactinal membrane entirely covered with spinelets. 
a, Rays tapering. Spines on each supero-marginal plate, long and 
delicate. Terminal plate small, with five spines. Spinelets 
of disk clavate ; : ¢ : : : ; : : caulifer. 
6. Rays broad and robust. Spines on two plates only, stout. Terminal 
plate large and tubercular, with three spines. Spinelets of 
disk cylindrical : ; : ; : 2 6 : tuberosus, 
B. Three cribriform organs in each interbrachial arc, Adambulacral plates with one 
spine. Segmental pits and papille present. 
a, Rays long androbust. Abactinal membrane entirely covered with spinelets. 
Spines on each supero-marginal plate, long and thick : 3 Crassus. 
b. Rays short and delicate. Abactinal membrane with spinelets confined Se 
limited areas. No spines on the supero-marginal plates or only rudi- 
mentary : ; ; : : : : : a 5 : gracilis, 


Porcellanaster eremucus is not included in the foregoing table on account of its very 
immature condition. To place the characters presented by such an early phase of growth 
in comparison with those pertaining to the adult stage of the forms above mentioned 
would clearly be not only useless but misleading. 

Two species of Porcellanaster are “named” by M. Perrier’ amongst the material 
dredged by the ‘‘'Talisman,” but no description has been published. ‘The forms conse- 
quently cannot be recognised. 


Chorology of the Genus Porcellanaster. 


a, Geographical distribution :— 


ATLANTIC: Two species between the parallels of 50° N. and 40° S. 
Porcellanaster cxruleus off the eastern coast of the United States 
of America. Porcellanaster eremicus midway between the Cape of 
Good Hope and the Island of Tristan da Cunha, 


Paciric: Three species between the parallels of 40° N. and 40° S. 

Porcellanaster tuberosus off the coast of Japan, south of Kawatsu. 
Porcellanaster crassus in the mid south Pacific, near the meridian 
of 135° W., approximately midway between Sydney and Valparaiso. 
Porcellanaster gracilis off the western coast of South America, 
between Valparaiso and the Island of Juan Fernandez. 


1 Comptes rendus, 1885, t. ci. p. 886. 
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HASTERN ARCHIPELAGO: One species between the parallels of 0° and 10° S. 
Porcellanaster caulifer in the Arafura Sea, between Australia 
and New Guinea. 


8. Bathymetrical range: 800 fathoms to 2550 fathoms. 

All the species are confined to the Abyssal zone, and one only (Porcellanaster 
caulifer) is found at a less depth than 1000 fathoms. Three species, Porcella- 
naster crassus, Porcellanaster gracilis, and Porcellanaster eremicus are found 

in depths greater than 2000 fathoms. 
Porcellanaster cxruleus is the only species known to me from more than one 
locality, and its range is very constant, varying only from 1240 to 1850 fathoms. 


y. Nature of the Sea-bottom - Three species are found on the Blue mud, viz. : 
Porcellanaster cxruleus in the Atlantic, and Porcellanaster gracilis and 
Porcellanaster tuberosus in the Pacific. Porcellanaster crassus and Porcel- 
lanaster erenucus are found on the Red clay in the Pacific and South Atlantic 
respectively. Porcellanaster caulifer lives on Green mud in 800 fathoms. 


Chorological Synopsis of the Species. 


Ocean. Range in Fathoms. Nature of the Sea-bottom. 
Porcellanaster cxruleus  . . | Atlantic. 1240 to 1350 Blue mud. 
Porcellanaster caulifer . |j ; astern Archipelago. 800 Green mud. 
Porcellanaster crassus ; . | Pacific. 2335 Red clay. 
Porcellanaster eremicus  . . | Atlantic. 2550 Red clay. 
Porcellanaster gracilis. . | Pacific. 2225 Blue mud. 
Porcellanaster tuberosus . . | Pacific. 1875 Blue mud. 


1. Porcellanaster cxruleus, Wyville Thomson (Pl. XX. figs. 1-7). 

Porcellanaster ceruleus, Wyville Thomson, 1877, Voy. of Challenger, Atlantic, ‘vol. i. p. 378, figs. 
97 and 98. 

Rays five. R=22 mm.; 7=10°5 mm. (the largest example). R=2 1, approxi- 
mately. 

Marginal contour substellate, with moderately developed rays proceeding from a 
truly pentagonal body-disk, the minor radius being in the proportion of 48-50 per cent. 
When viewed from above the rays seem comparatively small and have the appearance 
of springing somewhat rapidly from the angles of the disk, the interbrachial are being 
very wide and not unfrequently quite straight, or even curved outward, rather than 
rounded. Disk more or less gibbous and inflated, the height being sometimes equal to 
one-third of the greatest diameter, but generally less. The arching or inflation of the 
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abactinal surface extends along the ray and tapers off with a graceful curve towards the 
extremity, which causes the rays to have a very short appearance when seen in profile. 

The abactinal area is covered with a thick coriaceous integument, the usual meshwork 
skeleton of calcareous plates being altogether wanting. The membrane is indurated with 
a number of minute circular spicules, some of which bear a vertical spinelet, resembling 
the surface spicules of Zhyonidium and other Holothuroids. These spinelets are sparsely 
distributed over the central portion of the abactinal area and along bands that run there- 
from to the interbrachial arc, in the median interradial line. The spinelets are long and 
thin, and, being made up of fine calcareous rods united by short transverse dissepiments, 
present under the microscope a very open structure somewhat resembling the delicate 
hair-like spines of certain irregular Hchinoids. The spinelets are clothed with thick 
investing membrane, which not unfrequently develops a knob at the extremity, and 
gives a club-shaped character to the appendage. A more or less prominent tubular 
epiproctal prolongation is present in the centre of the disk ; in some examples measuring 
between 2 and 3 mm. in length, but shorter in others. It is a subcylindrical tube 
less than a millimetre in diameter, springing directly from the abactinal area, tapering 
very slightly towards the extremity, and is indurated with a close plating of very 
minute spinulate spicules. . 

The marginal plates form a deep conspicuous band, and stand as a perpendicular wall 
in the interbrachial are, bending gently inward above and below. Along the rays the 
supero-marginal series‘arch well over on the abactinal surface, and leave only a very con- 
stricted space along the median line of the ray between the corresponding plates of each side. 
The supero-marginal plates, which are six or seven in number exclusive of the terminal, 
are bounded by straight lines, and vary from a quadrate to a subrhombic form accord- 
ing to position. The height and length are nearly equal, the latter being usually the 
greatest dimension, although in some specimens the proportions may be reversed. Nor- 
mally each of the supero-marginal plates bears a short conical spinelet on its upper 
edge, but not unfrequently these become aborted into little more than tubercles, and are 
sometimes absent altogether, especially on those plates which are innermost in the inter- 
brachial are, and sometimes also on the penultimate plate of the ray. The terminal 
plate is moderately large and prominent, with the abactinal surface slightly tubercular, 
the adoral margin being deeply indented in the median line, and the lateral angles fully 
rounded, The whole plate is directed at a slight angle upward in relation to the ray, 
a circumstance which emphasises the strongly upturned appearance presented by the 
rays, the general habit of which seems always to be more or less bent upward or back- 
ward. Three moderately robust spinelets are borne on the terminal plate—one placed at 
the summit of the tubercular swelling in the median line of the ray and directed verti- 
cally upwards, and two somewhat smaller ones which stand one on each side at the 
extreme anterior lower angles of the plate and directed outward. 


136 THE VOYAGE OF H.M.S. CHALLENGER. 


The infero-marginal plates usually correspond both in number and in length to 
the companion superior series, but sometimes a little irregularity occurs at the extremity 
of the ray, and an additional plate may be present. The infero-marginal plates are not 
so high as the superior series, and are longer than high, excepting perhaps one or two 
of the innermost plates in the interbrachial arc. The actinal edge of the plates is curved 
outward, which gives a festooned appearance to the lower margin of the series; and after 
the first two plates in the interbrachial are the succeeding ones have their proximal end 
higher than the distal end, so that the series tapers off gradually towards the extremity 
of the ray. 

One cribriform organ is present in each interbrachial arc. It is situated on the 
median interradial suture, and is rather broad and well defined. The structure is lamelli- 
form, and has been described above. (See Pl. XX. figs. 3 and 4.) 

The ambulacral furrows are wide, open, straight, tapering from the mouth to the 
extremity, and occupy nearly the whole of the under surface of the ray. The adambu- 
lacral plates are rather short and broad, with the adoral and aboral extremities somewhat 
incurved, leaving a small cavity between adjacent plates, which is filled up with mem- 
brane. The armature of each plate consists of two short, sharply-pointed, conical spinelets, 
the adoral one being the longest. The spinelets are placed slightly oblique, and are 
covered with an investing membrane which unites them together at the base and joins 
them up to the neighbouring pairs, concealing to a certain extent their actual size and 
shape. 

The mouth-plates are moderately large and prominent, sharply upturned along the 
line of junction, forming a swollen semi-tubercular keel considerably elevated above the 
general surface of the actinal area. A single mouth-spine is borne at the mouth-angle, 
placed on the line of suture of the united pair and directed upwards; and two smaller, 
compressed, subtriangular mouth-spines stand on the margin of each mouth-plate near 
their aboral extremity. No secondary mouth-spines are present on the surface of the 
mouth-plates. 

The actinostome is wide, occupying fully two-fifths of the actinal area of the disk ; and 
the mouth is situated in the centre of a naked leathery membrane and furnished with 
a well-developed muscular lip. 

The actinal interradial areas form a fairly regular equilateral triangle—the distance 
from the innermost point of the mouth-angle to the place where the area terminates and 
the marginal plates join up immediately to the adambulacral plates being about half-way 
out on the ray, and approximately equal to the base of the area that extends along the 
interbrachial arc. The area is covered with a compact pavement of calcareous plates, 
subhexagonal or subquadrate in form, arranged in columns parallel to the median inter- 
radial line. The whole is covered with a thick membrane, through which the plates are 
scarcely perceptible until the specimen is dried. 
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The madreporiform body is large and conspicuous, subcircular or oval in form, and 
situated in an interradium close up to the supero-marginal plates, and consequently 
adjacent to the cribriform organ. Sometimes it is subtriangular in contour, with 
the base directed to the margin, and the striz form lines sharply bent at an angle, 
running moré or less parallel with the sides of the triangle, the open angle being 
directed towards the base. 

Colour in alcohol, yellowish white, with a bluish-grey shade over the disk. The 
marginal plates and the actinal interradial areas have a peculiar glazed appearance, 
consequent on the character of the investing membrane. 

Individual Variation.—A very slight amount of difference may be noticed in a series 
of specimens in the height of the lateral wall of the ray; and in some specimens the 
marginal plates stand rather more vertical, and are less arched towards the abactinal 
surface. In some specimens the small conical spinelet or tubercle on the upper margin 
of the supero-marginal plates is more strongly developed than in others; and in other 
examples it is absent altogether from some plates here and there, perhaps owing to 
abrasion. In some examples a very minute thornlet may be seen occasionally on an 
intermediate plate here and there in the actinal interradial area. In one specimen a third 
spinelet is present on some of the adambulacral plates, usually about the middle of the 
ray or near the mouth. 

In some examples the rays are rather broader at the base than in others, and 
this is especially noticeable in a large example from Station 46; in others they are 
longer and more attenuate throughout. 

Locational Variation.—The specimens from Station 45 appear to be of a rather 
smaller size than those from other Stations; the rays also are narrower, and the small 
spinelet on the supero-marginal plates is slightly more delicate and spine-like than in 
specimens of the same size from Station 47. 

On the whole, however, [| am by no means certain that these slight modifications 
can be correctly ranked as locational variations in preference to individual variations; a 
much larger supply of material would be necessary to decide the point than I have 
had at my disposal. 

Young Phase.—The smallest example, unquestionably belonging to this species, that 
I have seen, measures R= 8 mm.; 7 = 4 mm., approximately ; and it already presents 
the characters of the adult in a remarkable manner. I have no hesitation in referring it 
to the species. The abactinal membrane is very thin, and the spiniferous spicules are 
confined to definite areas which traverse the interradial lines. The anal funnel is well 
developed. There are four supero-marginal and four infero-marginal plates, and traces 
of a small fifth plate are visible, the infero-marginal one being the most developed, and 
appears to be the first formed. The cribriform organs are large and conspicuous. The 
adambulacral plates bear two short conically pointed spinelets. The mouth-plates have 
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one small conical spinelet at the junction of the pair of plates and two others on the 
margin of each plate. The odontophore is visible. The actinal interradial areas are 
covered with a complete pavement of plates. 

Localities.—Station 45. Off the coast of North America, east of Delaware and 
Maryland, May 3,1873. Lat. 38° 34’ 0” N.,long. 72° 10’ 0” W. Depth 1240 fathoms. 
Blue mud. Bottom temperature 37°°2 Fahr.; surface temperature 49°°5 Fahr. 

Station 46. Off the coast of North America, east of New Jersey. May 6, 1873. 
Lat. 40° 17’ 0” N., long. 66° 48’ 0” W. Depth 1350 fathoms. Blue mud. Bottom 
temperature 37°°2 Fahr.; surface temperature 40°:0 Fahr. 

Station 47. Off the coast of North America, east of New Jersey and Long Island. 
May 7, 1873. Lat. 41°14’ 0” N., long. 65° 45’ 0” W. Depth 1340 fathoms. Blue 
mud. Surface temperature 42°°0 Fahr. N 

Remarks.—This species is at once distinguished from the other members of the genus 
by the single cribriform organ in each interbrachial arc, by the absence of seomental 
pits and papille, by the short rays, and by the spinelets on the abactinal membrane 
being confined to limited areas which occupy the interradial lines and the central region 
of the disk. 


2, Porcellanaster caulifer, Sladen (Pl. XXI. figs. 5-10; Pl. XXVII. figs. 9-12). 


Porcellanaster caulifer, Sladen, 1883, Journ. Linn. Soc. Lond.|(Zool.), vol. xvii. p. 222 


Rays five. R=21 mm.; r=6°5 mm. Ress 

Rays moderately long and slender, not much broader at the base than at mid-arm, 
tapering only slightly, the minor radius in the proportion of 30 per cent. Interbrachial 
ares rather flatly rounded. Disk high and much inflated. 

The. abactinal area is covered with an integument, beset with spinelets, excepting at 
the very base of the rays. The spinelets are simple, delicate, clavate, or thickened at 
the extremity, covered with membrane, and rather widely spaced. Large papulz-like 
bodies are distributed here and there. A very long tubular epiproctal prolongation or 
anal funnel rises from the central region of the disk, in length nearly equal to the 
minor radius, rather narrow and tapering towards the extremity. 

The marginal plates are moderately high, and form a perpendicular wall in the 
interbrachial are, but arch over on the abactinal surface of the rays, and leave only a 
narrow space along the median line between the corresponding plates of the two sides. 
The supero-marginal plates are seven in number, exclusive of the terminal; all are longer 
than high, and each carries a long, delicate, acicular spinelet. The terminal plate is 
large and elongate, very slightly prominent abactinally, and flattened; it normally 
carries three spinelets, though sometimes more are present. These are longer than 
the spinelets on the other supero-marginal plates, and are delicate and acicular; one 
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is placed above the termination of the ambulacral furrow in the median line, and one 
on each side a little beneath. Occasionally one or both of these lateral spines may be 
accompanied by a supplementary spine, thus producing the additional number. 

The infero-marginal plates correspond in number and length to the superior series, 
and are, like them, longer than high; they do not curve round upon the actinal surface 
of the ray, which is flat. 

One cribriform organ is present in each interbrachial are; it is very broad, well 
defined, and with a deep depression down the median line. The structure is lamelliform. 
(See Pl. XXVII. fig. 12.) 

The ambulacral furrows are broad, open, and straight. The adambulacral plates are 
small, rather elongate in the direction of the ray, and rather widely separate. The 
margin towards the furrow is incurved, and the adoral extremity is somewhat scooped 
out, and has the margin slightly lipped, the aboral extremity of the next plate being 
rounded, thickened, protruded, and lipped in correspondence ; but the two do not join 
up closely, and a narrow vacant space is left between. The armature of the adambulacral 
plates consists of two minute, delicate, acicular, and sharply-tapering spines; the adoral 
spine, which is the longest, is placed at the extreme adoral end of the margin of the plate, 
and the companion spine is situated at the commencement of the curve along the furrow 
margin; the long spine is consequently directed almost transversely across the furrow, 
whilst the small spine stands at an angle of about 45° to it. 

The mouth-plates are rather broad and suboval, elevated into a moderately high and 
well-rounded keel, a small elliptical space being left between the two adjoining plates near 
the middle of the median line. ‘The aboral extremity of the plates is gracefully rounded, 
and the margins of the plates do not meet along the lower portion, but leave a triangular 
outline of the odontophore visible. The armature of the mouth-plates consists of one 
short conical spinelet at the adoral peak of the mouth-angle, standing at the-junction 
of the two plates, and two small spinelets, similar to this, on the lateral margin of 
each plate. The aboral spinelet is placed near the middle of the margin, and the 
companion one, which is smaller, nearer the adoral extremity of the plate. All the 
mouth-spines are smaller than the spines which constitute the armature of the adam- 
bulacral plates. 

The actinal interradial areas are small, subtriangular, and covered with membrane ; 
the actinal intermediate plates are irrecular and small. 

Colour in alcohol, greyish white, with a darker shade of bluish grey over the disk. 

Locality.—Station 191. In the Arafura Sea, west of the Arrou Islands. September 
23, 1874. Lat. 5° 41’ 0” &., long. 134’ 4’ 30” E. Depth 800 fathoms. Green mud. 
Bottom temperature 39°°5 Fahr.; surface temperature 82°'2 Fahr. 

Remarks.—Porcellanaster caulifer is distinguished by the elongate tapering rays, 
by the long delicate spinelets on each supero-marginal plate, by the small terminal plate 
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with five spines, and by the clavate spinelets of the disk. This species is especially 
remarkable for the length of the tubular epiproctal prolongation or anal funnel. 


3. Porcellanaster tuberosus, Sladen (Pl. XXIII. figs. 1-4; Pl. XXVII. figs. 13-16). 


Porcellanaster tuberosus, Sladen, 1883, Journ. Linn. Soe. Lond. (Zool.), vol. xvii. p. 223. 


Rays five. R=185mm.; r=6mm. R=8r. 

The rays spring gradually from the angles of the disk and taper moderately towards 
the extremity, maintaining a robust character throughout; the minor radius is in the 
proportion of 32 per cent. The disk is not high, and very slightly inflated. The 
interbrachial arcs are well rounded. 

The abactinal area is covered with a rather fleshy integument beset with simple 
spinelets somewhat closely placed; these are short, cylindrical, obtuse, covered with 
membrane, and occupy the whole of the surface excepting only the extreme angle 
at the base of the ray. A well-developed epiproctal tubular prolongation rises from 
the centre of the abactinal area, and is nearly equal in length to the distance between 
the centre and the inner edge of the marginal plates in the interbrachial are; it tapers 
very slightly towards its extremity, and is indurated with spicular spinelets like the 
rest of the abactinal membrane. 

The marginal plates form a deep margin and curve over roundly in the interbrachial 
ares, the inferior as well as the superior series being visible from above. Upon the 
rays the superior series arch well over and almost meet in the median dorsal line, giving 
to the ray a more or less subcarinate character. The supero-marginal plates are four 
in number from the median interradial line to the extremity, exclusive of the large 
terminal plate, and all are distinctly longer than high. The second and third supero- 
marginal plates from the median interradial line bear short, conical, upright spinelets ; 
but all the rest are unarmed excepting the terminal plate, which carries three spines—one 
at the extremity in the median line of the ray, and one on each side at the anterior 
extremity of the inferior margin of the plate. The terminal plate is swollen and 
prominently tubercular abactinally, and is excavated on its outer extremity for the 
passage of the terminal ambulacral tube. In one ray of the specimen under notice, 
the penultimate supero-marginal plates are also swollen and ankylosed in such a manner 
as to resemble the terminal plate, and bear a single spinelet. 

The infero-marginal plates, which are five in number, are much shallower than the 
superior series, and also shorter. The two series consequently do not correspond, a result 
probably brought about by the extreme development of the terminal plate, which occupies 
the space of both superior and inferior plate. 

One cribriform organ is present in each interbrachial are ; it is rather broad and has a 
deep depression down the median line. The structure is lamelliform. (See Pl, XXVIL.) 
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The ambulacral furrows are wide and open, occupying nearly the whole of the 
actinal surface of the ray. The adambulacral plates are small, and form regular 
triangular prominences, which indent, as it were, the margins of the furrow. Their 
armature consists of two short, subconical, sharply-pointed, or thorn-like spinelets, 
placed side by side on the aboral side of the projecting angle; they are consequently 
directed aborally and at an angle towards the furrow, diverging also slightly from 
one another. 

The mouth-plates are rather large, forming an acute angle adorally, with an 
elevated angular ridge along the line of suture, each plate being strongly bent 
downwards, and having the upturned edges compressed together to form the keel. 
The aboral extremity is more elevated than any other part, and presents a sharp 
angular peak, the mouth-plates sloping down therefrom with a graceful inward curve 
to the level of the actinal interradial area. Their armature consists of a single short 
conical mouth-spine, placed at the extremity of the adoral peak; and two others, 
about equal in size to the spinelets of the adambulacral armature, stand on the lateral 
margins of each plate, the most adoral of the two being situated nearly midway 
between the extremities of the margin. 

The actinal interradial areas, which are small and sagittiform in outline, do not 
extend beyond the third adambulacral plate. The intermediate plates are small and 
subregular, transversely elongate on the outer part of the area, and with a tendency 
to imbricate; this character, however, being so faintly presented that it is difficult 
to say whether imbrication really exists or not. 

Colour in alcohol, greyish white generally, but rather darker over the abactinal 
area of the disk. 

Locality.— Station 237, Off the coast of Japan, south of Kawatsu. June 17, 1875. 
Lat. 34° 37’ 0” N., long. 140° 32’ 0” E. Depth 1875 fathoms. Blue mud. Bottom 
temperature 35°°3 Fahr.; surface temperature 73°°0 Fahr. . 

Remarks.—Porcellanaster tuberosus is distinguished from the other species of 
Porcellanaster with only one cribriform organ in each interbrachial arc, by its broad 
and robust rays, with a large and tubercular terminal plate armed with three spines, 
and by having only two supero-marginal plates on each side of a ray armed with 
spines, which are stout. Other points of difference are noticed in the description. 


4. Porcellanaster crassus, Sladen (Pl. XXII. figs. 4-7; Pl. XXVII. figs. 1-4). 
Porcellanaster crassus, Sladen, 1883, Journ. Linn. Soc. Lond. (Zool.), vol. xvii. p. 225. 
Rays five. R=35 mm.; r=105 mm. R< 3°57. 


The rays are elongate, robust, and taper gradually from the base to the extremity. 
The disk is small, but not high, and is only slightly inflated above the level of the 
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supero-marginal plates; the minor radius is in the proportion of 30 per cent. The 
interbrachial arcs are well rounded. 

The abactinal area is much contracted in consequence of the inward arching of the 
marginal plates, the latter forming a broad border enclosing a regular pentagonal area 
when seen from above. _ The whole abactinal area, excepting a very small space at the 
base of the rays, is beset with simple spinelets, uniformly distributed over the surface 
and moderately well spaced, the spinelets being very small, short, cylindrical, and 
invested with membrane. In the interspaces between the spinelets, small papule may, 
with difficulty, be detected here and there; in external appearance they resemble the 
spinelets, but are rather larger and thicker. A broad tapering epiproctal tubular pro- 
longation or anal funnel, about 3 mm. in length, is present near the centre of the disk. 

The marginal plates are high, arch inward, and form a sloping or bevelled edge to 
the disk in the interbrachial arcs; and a similar inclination is also continued along the 
rays. The abactinal surface of the rays is consequently arched, and the supero-marginal 
plates of the two sides almost meet in the median line, being separated only by a narrow 
furrow. The actinal surface of the ray is flat. The supero-marginal plates are higher 
than long, and each bears a large robust spinelet nearly as long as the height of the 
plate. The innermost spinelet, on each side of the median interradial line, is smaller 
than any of the others. There are seven supero-marginal plates from the median 
interradial line to the tip of the ray, exclusive of the terminal plate. This latter is large 
and very prominent, compressed laterally, high, tubercular, and rounded abactinally, 
and bears four spines—one placed in the median line above the termination of the 
ambulacral furrow, and one on -each side of the furrow at a lower level, all the three 
being close together at the very extremity, whilst the fourth spine is placed in the 
median line well back on the tubercular elevation of the terminal plate. 

The infero-marginal plates, which are nine in number, are longer than high, and do 
not curve round on the actinal surface, but rise abruptly at a sharp angle to it. At the 
extremity of the ray there are occasionally two or three small irregular supplementary 
plates intercalated between the superior and inferior series, but they in no way interfere 
with the form or position of the terminal plate. 

Three cribriform organs are present in each interbrachial arc, the median one being 
the broadest ; they are well spaced, and each has a depression down the median line. 
The structure is lamelliform. (See Pl. X XVII.) 

The ambulacral furrows are wide, straight, and open. The adambulacral plates are 
elongate in the direction of the ray, and their form simulates the appearance in outline 
of caudal vertebra. Their armature consists of a single short curved spinelet, which is 
articulated at the adoral extremity of the margin, and usually directed transversely across 
the furrow, or sometimes at an angle more adorally, the curvature of the spine being 
downwards. 
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Midway between the extremities of the adambulacral plate is placed a small, thin, 
semicircular, scale-like papilla, with the straight base upon which it is articulated 
running parallel to the furrow, and having the rounded free lip directed outward. 
Each of these papillee shuts down upon a small cavity or pit, the function of which is as 
yet unknown. The cavities are filled with very fine dark coloured matter, which may 
either be mud or excreted matter. I have spoken of these structures under the name 
of segmental pits and papille (ante p. 128; sce Pl. XXVII. fig. 3). 

The mouth-plates are large and prominent, the mouth-angle presenting a broad well- 
rounded keel. At the aboral extremity there is a graceful slope; the margins of the 
plate are united, and do not expose the odontophore. In the median line of the keel, 
however, midway between the extremities, a hollow elliptical space occurs where the 
margins of the plates do not meet. The adoral extremity is somewhat rounded, and a 
single short conical spinelet is borne at the union of the two plates, occasionally with 
a small secondary companion standing above it. No other mouth-spines are present 
on the plates. On the side of each mouth-plate two of the segmental pits and their 
papillz are present; the aboral one is the larger of the two, and is placed rather nearer 
the aboral extremity than midway on the plate, the smaller pit and papilla being 
about equidistant between the adoral extremity of the mouth-plate and its larger 
companion. (See Pl. XXVII. fig. 2.) 

The actinal interradial areas, which are very small and subtriangular, are covered 
with a leathery skin, through which the plating is scarcely discernible. 

Colour in alcohol, yellowish grey, with a brownish shade near the disk, darkest near 
the borders of the area adjoining the marginal plates. 

Locality.—Station 286. In the mid south Pacific, near the meridian of 135° W., 
approximately midway between Sydney and Valparaiso. October 16, 1875. Lat. 33° 
29’ 0" S., long. 133° 22’ 0” W. Depth 2335 fathoms. Red clay. Bottom temperature 
34°°8 Fahr. ; surface temperature 63°:0 Fahr. : 

Remarks.—This form is distinguished from all the other species of Porcellanaster 
by its large robust rays, and by the presence of the segmental pits and papillee. 
The only other species known to possess these organs has no spines on the supero- 
marginal plates or only rudimentary ones, whilst in Porcellanaster crassus each supero- 
marginal plate bears a thick well-developed spine. 


5. Porcellanaster gracilis, Sladen (Pl. XXII. figs. 1-3; Pl. XXVIL. figs. 5-8). 
Porcellanaster gracilis, Sladen, 1883, Journ. Linn, Soc. Lond. (Zool.), vol. xvii. p. 227. 
Rays five. R=10mm.; r=45 mm. R>27r. 


The rays are rather long and slender, slightly tapering, and somewhat flattened. 
The disk is moderately high and inflated; the minor radius is in the proportion of 45 
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per cent. The interbrachial arcs are wide, and the immediate arm-angle is more or less 
straight. 

The abactinal area is covered with a thin membrane. Spinelets, borne on spicule- 
like plates, are confined to bands along the interradial lines, and a few surround the 
epiproctal tube; the radial areas are entirely without spinelets. The spinelets are very 
minute, little more than microscopic spicules, elongate, cylindrical, not tapering, covered 
with a thin membrane through which the calcareous base and shaft are distinctly visible. 
The tubular epiproctal prolongation or anal funnel is moderately well developed, broad 
at the base, and tapers rather rapidly. 

The marginal plates are not high, and form an almost perpendicular wall which bends 
inward very slightly ; they do not arch over on the sides of the rays, and their curvature 
produces only a slight rounding of the margin. The abactinal area of the ray is flat, 
and the space which intervenes between the marginal plates of each side is covered 
with membrane. ‘This band is nearly uniform in breadth throughout, and is equal to 
one-third of the greatest breadth of the ray; it extends up to the extremity, the adoral 
margin of the terminal plate being indented for its continuation. The supero-marginal 
plates are eight in number, counting from the median interradial line, and exclusive 
of the terminal. Their shape is nearly quadrate, the most inward and the most outward 
plates having the height rather greater than the length, whilst those midway present 
the reverse proportions. Each of the supero-marginal plates normally carries a minute 
tubercle or rudiment of an aborted spinelet, but in some instances even this is wanting. 
The terminal plate is not at all gibbous or tubercular, and its size and outline is con- 
formable in every way to the regular tapering of the ray. Three small delicate spines 
are borne on the terminal plate—one placed at the extremity, in the median line, which 
points upward and outward, and one on each side at a lower level, which are 
separated by the furrow and directed horizontally and radiate slightly outward from 
the axial line of the ray. : 

The infero-marginal plates correspond in number to the superior series and, excepting 
the innermost plate, have the length greater than the height. 

Three cribriform organs are present in each interbrachial arc, the lateral ones are very 
narrow, and all are well spaced. Their structure is lamelliform. (See Pl. XX VIL.) 

The ambulacral furrows are wide, straight, or very slightly petaloid, and open. Each 
adambulacral plate bears a single spinelet, and also a rather large segmental pit and 
papilla. The spine, which is placed at the adoral extremity of the plate, is comparatively 
robust, cylindrical, slightly tapering, and longer than half the breadth of the furrow, over 
which it is directed horizontally and slightly inwards (adorally). The segmental papilla 
is subcircular in shape, nearly half as large as the whole adambulacral plate, and is 
situated midway between the bases of the spinelets on the two adjacent adambulacral 
plates, the margin towards the furrow being straight. (See Pl. XXVII. fig. 7.) Towards 
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the end of the ray the papilla are turned back and directed slightly over the furrow, 
instead of being closed down upon the surface of the plate, and the pit is probably aborted. 

The mouth-plates form a rather broad mouth-angle, presenting a well-developed keel 
along the median line of junction, more or less imperfectly closed along the suture and 
widely open at the aboral extremity. A single, short, conical, sharply pointed mouth- 
spine to each mouth-angle stands at the innermost point, and in the median line. Two 
large segmental papillae occupy nearly the whole of the lateral portion of each mouth- 
plate ; they stand close together, touching one another, and the aboral one is the larger 
of the two. (See Pl. XXVII. fig. 6.) 

The actinal interradial areas are small, and the squamous intermediate plates are 
comparatively few in number, these being rather large in the immediate angle, though 
very narrow and elongate near the margin. 

Colour in alcohol, greyish white, excepting the abactinal membrane, which is 
bluish grey. 

Locality.—Station 298. Off the western coast of South America, between Valparaiso 
and the Island of Juan Fernandez. November 17, 1875. Lat. 34° 7’ 0” S., long. 73° 
56’ 0” W. Depth 2225 fathoms. Blue mud. Bottom temperature 35°°6 Fahr. ; surface 
temperature 59°:0 Fahr. 

Remarks.—This species is distinguished from Porcellanaster crassus, the only other 
form having segmental pits and papillw, by its short and delicate rays, by its com- 
paratively unarmed supero-marginal plates, and by the limitation of the spinelets 
on the abactinal surface to definite areas. 


6. Porcellanaster eremicus,' n. sp. 


Since my preliminary notices on the species of Porcellanaster® were written I have 
received a very young form which had been found in a bottle of other material that 
had been sent to America. It is without doubt a Porcellanaster, and at a very early stage 
of growth. The measurements are R=6°5 mm.; r=3'25 mm. The form appears 
to be nearly related to Porcellanaster cxruleus, and the most striking, if not the only 
real specific difference that I can detect at this stage is that the rays are longer, more 
attenuate, and thinner throughout. 

At such an obviously early phase it would serve no good end to endeavour to draw 
up a specific diagnosis which would enable the adult stages to be recognised when found. 
I shall therefore limit myself to some remarks on the interesting features presented 
by this example. As I feel convinced, however, from the characters shown by the young 
form, and from the isolation of the habitat, that the species is distinct, I have ventured 
to assign a name to it. This course will also facilitate reference. 


1 eonusxds, accustomed to solitude. 
2 Journ. Linn. Soc. Lond. (Zool.), 1883, vol. xvii. p. 214. 
(ZOOL, CHALL, EXP.—PART LI.—1887.) 19 
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The whole abactinal area is covered with large subcircular or irregularly oval plates, 
perforated throughout with circular holes; the drawing of the larval plates of another 
form on Pl. XXVI. fig. 6 indicates their character. The primary apical plates are large and 
very distinct; their relative proportions and arrangement will be better understood by 
a glance at the accompanying woodcut than by a lengthy verbal description. The sketch 
was made by myself with a camera lucida, and represents the exact form and position 
of the plates as seen under the microscope, without the slightest subsequent alteration 
or attempt at diagram-making. The large dorso-central (1) and the proximal cycle of five 
large contingent plates (2,2) are most conspicuous. The latter are radial in position, and 
appear to me to be the representatives of the under-basals of a Crinoid. If this view 
be correct their size and development is very remarkable. It also seems to be somewhat 
at variance with what is generally the order and proportion of development in other 
Asterids,j though hardly enough is known at present about the early stages of the group 
as a whole to warrant any dogmatic and positive statements to be formulated. External 
to the cycle of under-basals (2, 2) are five small circular plates (3, 3), interradial in position, 
and hence homologous with the basal plates. These plates have quite a different aspect 
from any of the others, and are much stronger and more compact in their structure. The 
radial plates are separated from the basals and from the under-basals by two or some- 
times three intermediate plates, and can scarcely be distinguished by their size from the 
general plating. The abactinal interradial areas are almost devoid of plates, only a 
few isolated and very small ones being present. They appear to be the plates which 
bear spinelets, and they show a tendency to become crowded towards the margin, near the 
cribriform organ. In the centre of the disk is a small space, enclosed by the dorso-central 
and four under-basal plates, occupied by membrane, and from this springs the small but 
elongate tubular anal funnel. 

The madrepodriform body is at the extreme margin, and is embraced as it were by 
the cribriform organ. There is one cribriform organ in each interbrachial are; these are 
already well developed, and have about two rows of modified spinelets on each side of 
the interradial sutural line, which will ultimately form “ lamelle.” 

There are four supero-marginal plates between the median interradial line and the 
terminal plate, the one next to the terminal being much smaller than the others, and 
all except the one next the terminal are longer than high. The infero-marginal plates 
are very low, but subequal in length to their companion supero-marginal plate; in com- 
parison with these, they appear mere band-like strips, and this circumstance might 
probably lead M. Perrier® to think that only one series of marginal plates was present in 
the examples he described under the name of Caulaster pedunculatus, if the same dispro- 


1 On the Homologies of the Primary Larval Plates of Brachiate Echinoderms, Quart. Journ. Micr. Sct., 
1884, n. s., vol. xxiv. p. 29. 
2 Comptes rendus (Dec. 1882), t. xcv. p. 1380. 
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Porcellanaster eremicus, n. sp. Outline sketch of a young example, to show the abactinal plating. Magnified 13 diameters. 
The following primary apical plates are indicated by numbers :—1. Dorso-central ; 2, 2. Under-basals ; 3, 3. Basals. 
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portion occurs in that form. Furthermore, the height of the infero-marginal plates 
diminishes as they proceed along the ray, and the outermost plate has the shape of a 
thin elongate wedge. There are only three infero-marginal plates between the median 
interradial line and the extremity, and there is no trace of an infero-marginal plate 
below or corresponding to the small supero-marginal plate next the terminal. The 
vertical sutures between the infero-marginal plates do not fall exactly below or in line 
with the sutures of the superior series. ‘The terminal plate is extraordinarily large, and 
elevated conically towards the extremity. On this elevation is borne a vertical spine. 
At the extremity of the plate are two similar spines, one on each side of the median 
line, directed horizontally and radiating slightly apart. 

The adambulacral plates are large, and already show the characters of an adult Porcel- 
lanaster ; it may be noted, however, that they appear to be set somewhat obliquely. Each 
plate bears two spinelets on the furrow margin, side by side, and radiating a little apart. 
The spinelets are short, but broad and flattened, and rather leaf-like or lanceolate in form. 

The mouth-plates are markedly coulter-shaped, the adjacent edges of each plate in a 
pair being turned up vertically, forming a high-crested keel, and the suture is not closed, 
but often gaping more or less. The armature consists of a single spinelet at the junction 
of the two plates and two spines on the margin of each plate, resembling in this respect 
the adult of Porcellanaster cewruleus. The odontophore is exposed on the actinal surface, 
having superficially the form of an equilaterally triangular wedge which fits in the angle 
formed by the aboral and unclosed ends of the two mouth-plates. 

The actinal interradial areas are covered with an extremely delicate semi-transparent 
membrane in which no trace of actinal intermediate plates is yet to be detected. 

Locality.—Station 137. In the South Atlantic, midway between the Island of Tristan 
da Cunha and the Cape of Good Hope. October 23, 1873. Lat. 35° 59’ 0”S., long. 
1° 34’ 0” KE. Depth 2550 fathoms. Red clay. Bottom temperature 34°'5 Fahr. ; surface 
temperature 56°°1 Fahr. 

Remarks.—This small form is apparently nearly related to Porcellanaster cxruleus 
of the North Atlantic, but may be distinguished by the more elongate and attenuate 
rays, even when compared with a rather larger young example of that species. Except- 
ing these characters and the purely embryonic structures described above, the figures 
of the young phase of Porcellanaster cxruleus on Pl. XX. figs. 6, 7, represent the 
general aspect of the young form under notice so well that I have not considered it neces- 
sary to give additional drawings. For the general proportions and composition of the 
abactinal area the woodcut on the preceding page will supply what is requisite. 

The striking manner in which the general structure of this young example agrees 
with the description given by Perrier of the form he has named Cawlaster pedunculatus 
has already been noticed, and it supports my strong conviction that the latter will 
ultimately prove to be a young Porcellanaster. 
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In a recent paper on the starfishes collected during the “Talisman” Expedition, 
M. Perrier’ still maintains Caulaster as a distinct genus, and mentions the occurrence 
of a second species, with which he has done me the honour of associating my name. 
Unfortunately, however, no additional information is given on the structure of Caulaster. 
Under these circumstances I feel assured that M. Perrier will acquit me of any undue 
pertinacity in still upholding the opinion I expressed in 1883,? confronted as I am now 
with the structure of Porcellanaster eremicus. No other course seems open to me, and I 
am therefore reluctantly obliged to follow it so long as the present state of insufficient 
information on the generic characters of Caulaster exists. 

The only remark upon the genus made by Perrier in the paper referred to is as 
follows :—“ Les Caulaster (Caulaster pedunculatus, E. P., Caulaster Sladeni, E. P.) sont 
earactérisés par l’absence presque compléte du squelette dorsal, représenté seulement 
par cinque bandelettes épineuses descendant du pédoncule dorsal et exactement inter- 
radiales.”* This limitation of the spinelets on the abactinal area to interradial bands 
occurs in two of the species of Porcellanaster known to me (and mentioned in my 
Preliminary Notices)," and is especially characteristic of the type of the genus, 
Porcellanaster cxruleus. 


Genus Styracaster, Sladen. 
Styracaster, Sladen, Journ. Linn. Soc. Lond. (Zool.), 1883, vol. xvii. p. 229. 


Rays five, long and attenuate, incapable of being reverted. 

Supero-marginal plates meet in the median radial line, and encase the ray; they 
bear long, robust, cylindro-conical spines, which form a single series along the median 
radial line. 

Abactinal area covered with membrane, beset with simple spiniferous spicules or 
with pseudo-paxille. Usually no specially developed epiproctal prolongation is present, 
but a more or less definite conical elevation may be formed. 

Actinal interradial areas paved with thin, smooth plates, arranged in regular columns, 
more or less clearly imbricating, and covered with a delicate membrane. 

Ambulacral furrows narrow and more or less enclosed. Armature of the adam- 
bulacral plates consisting of elongate needle-shaped spines, and with a tendency to 
radiate apart. 

Cribriform organs three to seven in number in each interbrachial are. 

Remarks.—The form mentioned by Perrier,’ under the name of Machairaster pictus, 
as allied to Porcellanaster, but of which no generic diagnosis or description has yet 
been published, beyond the remark “a bras carénés et portant des épines sur la caréne,” 

2 Comptes rendus, 1885, t. ci. p. 886. * Journ. Linn. Soc. Lond. (Zool.), 1883, vol. xvii. p. 217. 


* Loe. cit., p. 886. 4 Journ. Linn. Soc. Lond. (Zool.), 1883, vol. xvii. p. 214. 
5 Nouv. Archives Mus, Hist, Nat., 2c Série, 1884, t. vi. p. 272, 
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may perhaps prove to belong to this genus, or be nearly allied. The information, how- 
ever, is too meagre to hazard even a conjectural opinion. 

M. Perrier’ records the presence of two species of Styracaster amongst the Asteroids 
collected by the “Talisman” Expedition. He states that ‘une de nos espéces (Styra- 
caster spinosus, EK. P.) présente un pédoncule dorsal; lautre (Styracaster Edwardsi, 
E. P.) n’a qu'un simple tubercule, mais chacun de ces bras porte sept épines sur la 
ligne médiane dorsale.” No further remark is made and no description is given of the 
species ; I am therefore unable to consider them. The second species mentioned would 
seem to resemble Styracaster horridus. 


Chorology of the Genus Styracaster. 


a. Geographical distribution :— 
Atiantic: One species between the parallels of 0° and 10° S. 
Styracaster horridus, between the south coast of Africa and the 
Island of Ascension. 
Paciric: One species between the parallels of 0° and 10° N. 
Styracaster armatus, in the neighbourhood of the Caroline 
Islands. 
8. Bathymetrical range: 1850 fathoms to 2350 fathoms. 
Both species are confined to the Abyssal zone. 


y. Nature of the Sea-bottom: Both Styracaster horridus and Styracaster armatus 
are found on Globigerina ooze. 


Chorological Synopsis of the Species. 


Ocean. | Range in Fathoms. Nature of the Sea-bottom. 
Styracaster armatus. . . | Pacific. | 1850 Globigerina ooze. 
Styracaster horridus. : . | Atlantic. | 2350 Globigerina ooze. 


1. Styracaster horridus, Sladen (Pl. XXIII. figs. 5-7; Pl. XXVII. figs. 17-20). 
Styracaster horridus, Sladen, 1883, Journ. Linn. Soc. Lond. (Zool.), vol. xvii. p. 229. 

Rays five R=75mm.; r=15mm. R=5r. 

Rays very long and slender, compressed laterally, and tapering to the extremity. 
The disk is not high, although capable of being inflated to a slight extent above the level 
of the marginal plates. The minor radius is in the proportion of 20 per cent. The 

1 Comptes rendus, 1885, t. ci. p. 886. 
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interbrachial arc is very wide, and its rounding is more or less obliterated by the 
subpentagonal character of the disk. 

The abactinal area is covered with a leathery integument, beset with minute, compact, 
and closely crowded pseudo-paxille, composed of from four to eight spinelets, which 
occupy the whole area. The paxille are smaller in the immediate centre of the disk, 
but there is no special protuberance. The actinal portion of the disk slopes downwards, 
with an inward-bending curve from the margin to the mouth-plates, producing a very 
prominent convexity on the under surface. 

The marginal plates are deep and almost vertical. Along the whole of the ray beyond 
the disk the supero-marginal series of each side meet, and from being bent inwards very 
slightly, produce the laterally compressed and high-arched character of the ray. The 
supero-marginal plates are twenty-three in number on one side of a ray, and all the plates 
are longer than high. Along the whole of the free portion of the ray each alternate 
supero-marginal plate bears a long sharply pointed spine on its upper edge, and the 
spine-bearing plates of the two sides of a ray alternate, the unarmed plate of the one 
side corresponding to the armed plate of the other ; hence it follows that a straight single 
line of vertically directed spines extends along the whole of the median radial line. 
The spines are robust at the base, conical, and taper to a very finely pointed extremity. 
The spines are longer than the depth (height) of the ray, and they normally decrease 
in size as they proceed outwards, but the regularity of this is sometimes broken by the 
occurrence of a shorter spine here and there. The spines are slightly curved in the plane 
of the direction of the ray, the point turning outwards. Occasionally a small additional 
spine is intercalated here and there, in the otherwise equally spaced series, in consequence 
of the corresponding plate of the opposite side of the ray also bearing a spine. The 
terminal plate is rather large, compressed, and elongate, its abactinal surface sloping 
upwards at an angle of 45° from the general abactinal line of the ray, and its actinal 
surface is rounded, thereby emphasising the character of the upturned tip of the ray. 
The terminal plate bears three spines—one at the extremity in the prolongation of 
the median radial line, and one on each side at a lower level on the furrow margin, 
all quite at the extremity and close together. In a large specimen an additional spine 
is present, larger than the terminal abactinal one, and is placed behind it in the median 
abactinal line of the plate. 

The infero-marginal plates are much shallower than the superior series, their length 
being nearly twice their height. In large specimens they frequently alternate with, 
instead of corresponding to, the companion supero-marginal plate, especially on the outer 
part of the ray; and sometimes an intermediate lateral series of plates almost as large as 
the infero-marginals is intercalated between the superior and inferior series and entirely 
separates them. This intermediate series may be represented by only a few plates on the 
outer part of the ray, or may be continuous along a considerable portion of the ray. 
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From seven to nine cribriform organs are present in each interbrachial are ; they 
are wide and occupy nearly the whole of the plates, in large examples adjacent organs 
being confluent in the neighbourhood of the horizontal suture. Their structure is 
papilliform, (See Pl. XXVII. fig. 20.) 

The ambulacral furrows are wide when expanded, occupying the whole of the actinal 
aspect of the ray, but when contracted are arched over and closed in by the adambulacral 
armature. The adambulacral plates are elongate and subrhomboid, the margin towards 
the furrow and the actinal surface being incurved—suggestive of the appearance of a 
caudal vertebra. The armature of the adambulacral plates along the greater portion 
of the ray consists of four spines, the aboral spine being the longest; near the mouth, 
however, there are five spines, which are short and subequal. The spines are compara- 
tively short, with a wide robust base, thence they taper, are sharply pointed, and slightly 
compressed, and all radiate at different angles from the plate. On the plates near the 
mouth the spines are much shorter, subequal, rapidly pointed, and quite flat. The bases of 
these spines are united by a more or less continuous membrane. In large specimens a 
small granule is present behind the furrow series, on the actinal surface of the plate and 
close to its adoral extremity ; near the mouth even two or three are sometimes found. 

The mouth-plates are large and prominent, with a widely open median suture, the 
apposed margins of the plates being bent downward with a gentle curve until at right 
angles to the actinal surface. Their armature consists of a comb of seven or eight short 
flat spinelets, similar to those on the innermost adambulacral plates, situated on the 
margin of the plate adjacent to the furrow, and there are one or two more prominent and 
conical ones at the innermost extremity, which are directed towards the centre of the 
actinostome. No spinelets or tubercles are normally present on the actinal surface of the 
mouth-plates, although in the largest specimen four or five granules form a line parallel 
to the sutural margin. The aboral extremities of the mouth-plates are widely open, and 
the odontophore is exposed superficially. 

The actinal interradial areas are large and elongate in the direction of the median inter- 
radial line ; they are paved with squamous intermediate plates, the whole being covered with 
a thin membrane. ‘The plates are broader than long, imbricate slightly, and are arranged 
more or less in columns, which latter may however become somewhat irregular as they 
approach the mouth-angle, consequent on the increase in the size of the plates, which are 
also more irregular in shape there. A few small granules, very widely and irregularly 
placed, occur on the plates here and there. 

Colour in alcohol, greyish white, the paxillar area and the cribriform organs having a 
slightly brownish tinge. 

Locality.—Station 346. Between the south coast of Africa and the Island of Ascen- 
sion. April 6, 1876. Lat 2° 42’ 0” S., long. 14° 41’ 0” W. Depth 2350 fathoms. 
Globigerina ooze. Bottom temperature 34°°0 Fahr. ; surface temperature 82°°7 Fahr. 
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2. Styracaster armatus, Sladen (Pl. XXIV. figs. 1-4; Pl. XXVIIL figs. 1-4). 
Styracaster armatus, Sladen, 1883, Journ. Linn. Soc. Lond. (Zool.), vol. xvii. p. 232. 


Rays five: “R=38 mm); 7—1mm, R < 3°57: 

Rays long and slender, subcylindrical, nearly uniform in thickness throughout their 
leneth, the expansion at the base and the attenuation at the tip being very slight. The 
disk is depressed, not inflated, and not higher than the marginal plates ; the minor radius 
is in the proportion of 28 per cent. The interbrachial arcs are very wide, with the curve 
somewhat flattened in conformity with the pentagonal character of the disk. 

The abactinal area is covered with a leathery integument beset with minute imperfect 
pseudo-paxille, and simple spiculate spinelets closely crowded, the general appearance 
being that of spinelets only. Naked spaces occur at the base of the rays. No definite 
epiproctal protuberance is present, but a faintly elevated indication of the centre may 
be discerned. 

The marginal plates are high, curving slightly inward above and below, and forming a 
rounded margin. The supero-marginal plates are nine in number from the median inter- 
radial line to the extremity, exclusive of the terminal, and all are considerably longer than 
high. Along the rays, commencing at the fourth plate from the median interradial line, the 
supero-marginal plates on each side meet in the median radial line and entirely encase the 
upper portion of the ray. The ray is rather compressed laterally, and the abactinal sur- 
face is arched. ach alternate supero-marginal plate along the ray bears a large robust 
conical spine placed in the median line of the ray, the series forming a single line of five 
spinelets, which stand perpendicular to the ray and diminish in size as they proceed out- 
ward. Unfortunately many of the spines have been damaged, but the longest remaining 
one measures about 6 mm., and the tip appears to have been broken. The ‘penultimate 
supero-marginal plate is small, and the ray is slightly bent upwards at the extremity. 
The terminal plate is small and comparatively inconspicuous, not at all swollen or tuber- 
cular, and is less than the pair of ante-penultimate supero-marginal plates. It bears three 
spinelets, one in the median line above the extremity of the ambulacral furrow, and two 
beneath, all close together. 

The infero-marginal plates correspond in number to the superior series, but their 
length is very much greater in relation to their height—fully three times. The four 
outermost plates do not correspond in length to the companion supero-marginal series. 

Three cribtiform organs are present in each interbrachial arc; they are rather broad, 
but well defined, and their structure is papilliform. (See Pl. XXVIII. fig. 4.) 

The ambulacral furrows are very narrow and quite closed in by the overarching adam- 
bulacral plates and spinelets. The adambulacral plates are elongate and vertebra-like, the 
margin towards the furrow being deeply scooped out, whilst the extremities are promi- 
nent and thickened. The armature of the adambulacral plates consists of three spines, 


which are moderately long, sharply tapering, and slightly compressed : two stand near the 
(ZOOL, CHALL. EXP.—PART LI.—1887.) 20 
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adoral extremity of the margin, equal in length, stretching over the furrow, and radiating 
apart from one another; the third spinelet is slightly smaller, placed about midway on 
the margin of the adambulacral plate, and is directed in the same direction as the aboral 
of the two spines. The spinelets are invested with a very fine membrane, which is con- 
tinuous at their bases, and the spinelets of one side of the furrow interlock with those 
from the other. Behind the furrow series, at the adoral end of the plate, and standing on 
the prominent swelling, away from the margin of the furrow, a small conical spinelet rises 
perpendicularly from the surface of the plate; and this becomes more or less rudimentary 
as it proceeds along the free portion of the ray. 

The mouth-plates, which are large, prominent, and not united along the median 
suture, have a peculiar appearance, resembling the shape of a coulter in a marked degree. 
Their armature consists of five or six mouth-spines placed side by side along the lateral 
margin of the plate, similar in length and character to the spinelets constituting the 
armature of the adambulacral plates, and these interlock with the corresponding series of 
spines of the neighbouring mouth-angle. About three small, aborted, tubercular spinelets 
situated on the surface of the plate are probably the representatives of secondary mouth- 
spines. The plates of each pair of mouth-plates are wide apart, and being unclosed at 
their aboral extremity, expose the odontophore. 

The actinal interradial areas are rather large and triangular, covered with squamous 
intermediate plates, which are narrow, elongate, imbricating, and regularly arranged in 
columns on the outer half of the area, but become larger, broader, subrotund, and 
irregular as they approach the mouth-angle. The plates are smooth, without granules, 
and the investing membrane is of such remarkable thinness that its presence is almost 
questionable. 

Colour in alcohol, grey, with a slightly brownish shade over the paxillar area. 

Locality—Station 224, In the neighbourhood of the Caroline Islands, 100 miles 
north of the Admiralty Islands. March 21, 1875. Lat. 7° 45’ 0” N., long. 144° 20’ 0” E. 
Depth 1850 fathoms. Globigerina ooze. Bottom temperature 35°°4 Fahr.; surface 
temperature 81°°2 Fahr. 


Genus Hyphalaster, Sladen. 
Hyphalaster, Sladen, Journ, Linn. Soc. Lond. (Zool.), 1883, vol. xvii. p. 2344 
Rays five, short, incapable of being reverted. Disk more or less depressed and 
pentagonal. 


Supero-marginal plates devoid of spines, sometimes uniting in the median radial line, 
and enclosing the ray. 


Abactinal membrane with pseudo-paxille ; simple spinelets also present in some forms 
on the outer part of the area only. A conical epiproctal protuberance may be more or 
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less defined in the centre of the disk, similar to that present in some species of Astro- 
pecten, but is usually more conspicuously developed, although it does not attain the 
tubular form of this appendage found in Porcellanaster. 

Actinal interradial areas extensive, paved with numerous thinfintermediate plates 
arranged in regular columns and imbricating. 

Ambulacral furrows narrow and concealed. Armature of the adambulacral plates 
consisting of short compressed spines, three to five in number, usually forming a kind 
of fan or independent series on each plate. 

Cribriform organs five to seven (or nine‘) in number in each interbrachial are. 


Synopsis of the Species included in the Genus Hyphalaster herein described. 


A. Five cribriform organs in each arc. Abactinal area with prominent groups of paxille . diadematus. 
B, Seven cribriform organs in each are. No prominent groups of paxille on the abactinal 
area. 


a, Supero-marginal plates meet in the median line. Cribriform organs very narrow. 
Secondary row of granules behind the furrow series of spines on the adam- 
bulacral plates aborted or absent. 

a. Disk with very imperfect pseudo-paxilla. Two innermost supero-marginal plates 
on each side of the median interradial line with small spinelets. Mouth- 


plates with secondary mouth-spines. Body frame very thin and delicate . hyalinus. 
6. Disk with fully developed paxillz, No spinelets on the supero-marginal plates. 
No secondary mouth-spines, Body frame robust and rigid . : ‘ : inermis. 


b. Supero marginal plates not united in the median line. A series of small secondary 
granules behind the furrow series of spinelets in" the armature of the adam- 
bulacral plates. Cribriform organs very broad and expanded . ! : : planus. 


M. Perrier? mentions by name two starfishes which he refers to Hyphalaster, 
dredged in the Atlantic during the “Talisman” Expedition, from 2995 and 4787 metres 
respectively. This is an interesting extension of the range of the genus, as no repre- 
sentatives of it were found in the Atlantic during the Challenger LExpedition. 
Unfortunately no descriptions of the species are given, and I am therefore unable to 
compare them with the present series. The following is the only information respecting 
them given (loc. cit., p. 886) by M. Perrier :—“ Les Hyphalaster (Hyphalaster 
Antoni, E. P., Hyphalaster Parfaiti, E. P.) ont leurs plaques adambulacraires de 
forme normale, et non pas obliques, par rapport & la gouttiére qu’elles bordent; le 
premier a sept organes cribriformes, dont deux rudimentaires, mais il y a, pour chaque 
bras, neuf plaques marginales dorsales dont les quatre derniéres se soudent 4 leurs 
symétriques ; le second a neuf organes cribriformes.” 


1 Fide Perrier, Comptes rendus, 1885, t. ci. p. 886. 
2 Comptes rendus, 1885, t. ci. p. 886. 
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Chorology of the Genus Hyphalaster. 


a, Geographical distribution -— 


Arantic: Two species (fide Perrier). 
Hyphalaster antonii and Hyphalaster parfoate. 


Pactric: Three species between the parallels of 40° N. and 40° 8. 
Hyphalaster inermis off the coast of Japan, south of Kawatsu. 
Hyphalaster hyalinus in the Mid-Pacific, due north of the Society 
Islands and due west of the Marquesas Islands. Hyphalaster 
diadematus off the west coast of South America, between Valparaiso 
and the Island of Juan Fernandez. 


SourHErN Ocean: One species between the parallels of 50° and 60° S. 
Hyphalaster planus near the meridian of 110° E. 


8. Bathymetrical range: 1875 fathoms to 2750 fathoms. 
All the species are confined to the Abyssal zone, and two (Hyphalaster 
diadematus and Hyphalaster hyalinus) to depths greater than 2000 
fathoms. 


y. Nature of the Sea-bottom: Two species, Hyphalaster diadematus and Hyphalaster 
inermis, are found on Blue mud. Hyphalaster planus on Diatom ooze. 
Hyphalaster hyalinus on Radiolarian ooze. 


Chorological Synopsis of the Species herein described. 


Ocean. Range in Fathoms. | Nature of the Sea-bottom. 
Hyphalaster diadematus . ; . | Pacific, 2160 Blue mud. 
Hyphalaster hyalinus ; 2 ~ |) -Bacifie: 2750 Radiolarian ooze. 
Hyphalaster inermis . . : , Pacific. 1875 Blue mud. 
Hyphalaster planus . : : : | Southern Ocean. 1950 Diatom ooze. 


1. Hyphalaster hyalinus, Sladen (Pl. XXVI. figs. 1-6; Pl. XXVIII. figs. 13-16). 
Hyphalaster hyalinus, Sladen, 1883, Journ. Linn. Soc. Lond. (Zool.), vol. xvii. p. 235. 


Rays five R=20mm.;7r=10mm. R=27. 

Rays short, small, rounded, and of uniform thickness throughout. The disk, although 
not high, is more or less inflated; the minor radius is in the proportion of 50 per cent. 
The interbrachial arcs are of great width, the curve being almost lost in the straightness 
of the side of the pentagonal disk. 


REPORT ON THE ASTEROIDEA, 157 


The abactinal area is covered with a thin and almost transparent membrane, which 
is indurated with a great number of spiniferous spicules or pseudo-paxille. These 
consist of a circular scale-like base, from the centre of which a spine-like process rises 
vertically, and this may be divided into two, three, or four equal spinelets, the latter 
number being the most general in the centre of the disk, and those with one spinelet near 
the margin. The spinelets are moderately robust, obtuse, all united at the base, and 
radiating apart very slightly, have more or less the appearance of imperfect paxilla, 
whilst the squamous basal plate is scarcely larger than the diameter of the vertical 
spinous process. These pseudo-paxille are rather crowded in the immediate centre of 
the disk, but are elsewhere moderately and uniformly well-spaced. There are no papule. 
The presence of an actual anal aperture is doubtful. 

The marginal plates form a perpendicular wall of small but uniform ‘height. The 
upper margin of the superior series and the lower margin of the inferior series are slightly 
bent inwards and form bevelled edges. The supero-marginal plates are eight in number, 
counting from the median interradial line, exclusive of the terminal. The innermost 
plates are nearly twice as long as high, and the outermost are higher than long. The 
two innermost plates on each side of the median interradial line each bear a single, very 
minute, conical spinelet near the upper margin, and directed horizontally. The two 
outermost supero-marginal plates extend to the median radial line, where they join 
the corresponding plates from the other side of the ray ; the two next plates are separated 
by a narrow strip of the abactinal membrane with pseudo-paxille, and the remaining 
plates fall in the disk margin. The terminal plate is slightly tumid proximally, and 
tapers rapidly to a fine extremity, which is continued in a robust, sharply pointed, 
terminal spine. This spine, which is longer than the plate, is placed in the median radial 
line of the ray, and is directed outward and slightly upward from the horizontal; two 
smaller spinelets less than half the size of the above are placed at a lower level, one 
on each side of the extremity of the furrow. 

The infero-marginal plates correspond in number and breadth to their superior com- 
panions ; their height is less than the length, and varies very slightly throughout the ray. 

Seven cribriform organs are present in each interbrachial arc; they are very narrow, 
and the outermost are almost imperceptible. Their structure is papilliform. (See 
Pl. XXVIII.) 

The ambulacral furrows are narrow and entirely closed in by the overarching plates 
and spinelets. The adambulacral plates are large and subcrescentric in form, with the 
extremities truncate and the incurved margin directed towards the furrow. Their 
armature consists of three spines to each plate, which are moderately long, slightly 
tapering, obtuse, and rather compressed, covered with very delicate membrane, which 
near the base unites with that of the adjoining spines, and forms a rather broad con- 
tinuous web, by which the spines are bound together in continuous series. The spines 
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are confined to the adoral or inner two-thirds of the plate. Three to five small aborted 
spinelets, little more than granules, stand upon the surface of the plate behind and 
external to the furrow series, and form an aborted secondary series. The adambulacral 
plates are separated throughout the ray from the marginal series by a narrow strip 
of membrane with scale-like plates continued from the actinal interradial area. 

The mouth-plates are large, prominent along the line of suture, forming a broad well- 
elevated keel in which nearly the whole of the two plates is involved. The aboral extre- 
mity slopes gradually, the surface of the actinal interradial area being inclined upward to 
meet it, and adorally they also likewise slope gradually. The sutural junction is imper- 
fect, and widely expanded aborally, exposing the odontophore. ‘The armature of the 
mouth-plates consists of six mouth-spines proper on each plate, 2.e., twelve for the whole 
mouth-angle; the innermost one is much larger and more robust than the others, and 
there are thus two large spinelets at the innermost point of each mouth-angle directed 
over the actinostome. The five smaller spinelets, which are uniform, equal, and less than 
the spines forming the armature of the adambulacral plates, are arranged equidistantly 
along the lateral margin of the plate, and arch over the furrow in continuation of the 
spinelets on the adambulacral plates. About three aborted secondary spines are placed 
close to the margin of the plate, which falls in the median suture; the middle one is 
largest, subconical, and stands nearest the highest point of the keel; the most adoral 
is similar in shape, but rather smaller, and is placed midway between this and the 
anterior extremity ; whilst the outermost one is little more than a tubercular granule, 
and stands equidistant between the middle spine and the aboral extremity. Occasionally 
the adoral secondary spinelet is largest. A few irregular rounded granules may occur on 
the aboral portion of each plate. 

The actinal interradial areas are expansive, covered with a thin transparent membrane, 
and with a compact plating of delicate imbricating scales. These scale-like intermediate 
plates are more or less regularly hexagonal, and are arranged in columns parallel to the 
median interradial line. The plates diminish in size and depth towards the margin, 
where they become narrow elongate strips. Each plate bears two or three small rounded 
granules irregularly disposed, and the large plates near the interior of the interradial 
area have a few additional granules in proportion to their size. 


Colour in alcohol, greyish white, with a brownish or slightly orange shade over the 
abactinal membrane. 


Young Phase. 


There is a small specimen measuring R=12 mm., r=5 mm., which | 
consider to be the young of this species. The example in question is especially note- 
worthy on account of still possessing the embryonic plating on the disk. The plates, 
though large, are very irregular, and I have not been able to reduce them to any formula 


of arrangement; the illustration on P]. XXVI. fig. 4 will give a fair idea of their form, 
size, and position. 
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The armature of the adambulacral plates consists of proportionally larger spines than 
in the adult, and these are conical and pointed, and radiate apart, as in other forms of 
Hyphalaster, instead of forming the almost straight uniserial line noticed in the adult 
of Hyphalaster hyalinus. The terminal plate is thick and blunt at the end. 

If this really is the young form of Hyphalaster hyalinus it is extremely interesting to 
note (1) up to what a comparatively late stage of growth the embryonic planting is re- 
tained; and (2) that these large plates entirely disappear and do not become metamor- 
phosed into other plates, but give place to the very minute and simple spiniferous 
Thyonidiwm-like spicules which pervade the whole of the then delicate semi-transparent 
abactinal membrane. 

Locality.—Station 274. In the Mid-Pacific, due north of the Society Islands 
and due west of the Marquesas Islands. September 11, 1875. Lat. 7° 25’ 0” S., long. 
152° 15’ 0” W. Depth 2750 fathoms. Radiolarian ooze. Bottom temperature 35°'1 
Fahr.; surface temperature 80°2 Fahr. 

'Remarks.—This species is distinguished from all the others by its remarkably delicate 
structure, the abactinal membrane appearing at first sight merely like a semi-transparent 
bag, by the mouth-plates bearing secondary spines, and by the two innermost supero- 
marginal plates on each side of the interradial line bearing small spinelets. 


2. Hyphalaster diadematus, Sladen (Pl. XXI. figs. 1-4; Pl. XXVIII. figs. 17-20). 
Hyphalaster diadematus, Sladen, 1883, Journ. Linn. Soc. Lond, (Zool.), vol. xvii. p. 237. 


Rays five. R=24mm.;7r=10mm. R< 2‘5r. 

Marginal contour stellato-pentagonal. Rays well developed, slender, springing from 
the disk with a gradual taper, which is continued to the extremity ; the upper surface of 
the ray arched rather than rounded. Abactinal surface of the disk slightly inflated above 
the level of the marginal plates, and with a prominent conical peak in the centre of the 
area. The minor radius is in the proportion of 41°6 per cent. Interbrachial arcs well 
rounded. 

The abactinal area is covered with a thick integument, uniformly beset with well- 
spaced pseudo-paxillee, which are very small and regular, each composed of three or four 
spinelets, those with the latter number being by far the most numerous. ‘The paxilla do 
not extend along the rays, but are confined to the actual disk-area; a blank space is thus 
left at the base of the rays, which has the appearance of being closely plated with small 
round scales imbedded in the integument. In the neighbourhood of the conical peak the 
paxillee become very small and crowded. Around this as a centre, and at some little dis- 
tance away, a number of larger paxille: made up of more spinelets are arranged ; these are 
congregated with more or less regularity into round groups, of which, roughly speaking, 
there is one opposite the median line of each ray, with a smaller group intermediate 
between each of the larger ones. The larger groups consist of ten to twelve large paxille of 
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about ten spinelets each, and the smaller groups of about five or six paxille. Outside this 
conspicuous ring of the disk there are a few large paxilla placed here and there amongst 
the general small or pseudo-paxille of the disk. 

The marginal plates, instead of forming perpendicular rounded sides, are inclined 
inwards, towards the centre, which gives a bevelled edge to the disk, and an arched 
rather than a rounded character to the upper surface of the rays. The supero-marginal 
plates do not meet in the median line of the ray, but leave a rather wide suture along 
the whole length, which expands on approaching the disk. All the marginal plates are 
longer than high, excepting perhaps the penultimate superior. The supero-marginal 
plates are ten in number exclusive of the terminal, and vary in depth very slightly from 
the median interradial line to the extremity of the ray. 

The infero-marginal plates correspond in number and breadth to the superior series, but 
diminish gradually in height as they proceed along the ray. The surface of the plates is 
perfectly smooth, and forms an even contour-line to the ray, the sutures being scarcely 
discernible except with a magnifying glass. None of the supero-marginal plates bear 
spines except the terminal. This plate is comparatively small and inconspicuous, sub- 
triangular in contour, and upturned at asharp angle to the plane of the ray, a position that 
gives a very marked character. It bears three rather short robust spines—one, which is 
somewhat the stoutest, is placed in the median radial line and directed vertically upwards ; 
the other two stand at the anterior actinal angles of the plate, and are directed outward 
and at an angle of about 45° to the single spine; in consequence of the thinning off of 
the terminal plate, the bases of these lateral spines are not far removed from that of the 
abactinal spine ; a deep indentation or sinus occurs between them, in which the ambulacral 
furrow terminates. 

Five cribriform organs are present in each interbrachial arc ; they are rather wide, and 
leave only a small band of the plate between adjacent organs, and each has a depression 
down the median line. Their structure is papilliform. (See Pl. XXVIII. fig. 20.) 

The ambulacral furrows are deep and contracted, the adambulacral plates arching 
considerably over, and their armature covering in the area when disposed for that 
purpose. The adambulacral plates are elongate and subcrescentiform, and each forms 
an angular prominence on the sides of the furrow, the angles separating to a certain 
extent the tube-feet of neighbouring segments. The armature of the adambulacral plates 
consists of four short, thin, and compressed spines on each plate, uniform in breadth 
throughout, and rounded at the extremity, which are arranged in a straight or sometimes 
slightly curved line, and at a very slight angle to the furrow, the direction of the line 
being outward from the furrow. A secondary row of five or six small granules stands 
on the outer margin of the adambulacral plates behind the furrow series, placed in a 
shghtly curved line, and these become more or less indistinct along the outer portion 
of the ray. 
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‘The mouth-plates are large, prominent, and elevated along the line of suture; the 
junction is imperfect, and the adoral extremities of the plates being widely open expose 
the odontophore. Their armature consists of six to eight mouth-spines on each plate, 
which are short, compressed, and pointed. The innermost one on each side is larger 
and longer than the rest, and is directed towards the actinostome; the lateral ones 
stand in the furrow and interlock with the corresponding denticles of the neigh- 
bouring mouth-angle. A number (varying from six to twelve) of small granule-like 
tubercles are present on the actinal surface of each plate ; two, which are slightly largest, 
stand near the inner third of the plate, whilst the remainder are confined to the aboral 
half of the plate, and are sometimes arranged in two or three lines, and sometimes 
irregularly. It seems scarcely possible to rank these as secondary mouth-spines ; and 
yet there can be little doubt that they are rudimentary or aborted representatives of 
these appendages, 

The actinal interradial areas are triangular in outline, and covered with a regular 
plating of hexagonal, imbricating, scale-like intermediate plates arranged in columnar 
series extending from the margin to the furrow, parallel to the median interradial 
line. The plates are broader than long, the disproportion increasing as they approach 
the margin; they bear a few (three to five) small, widely spaced, irregularly disposed 
granules, some plates here and there having none. 

Colour in alcohol, greyish white on the margins and actinal area ; abactinal membrane 
bluish grey, with touches of light brown near the margin of the area and occasionally 
on the groups of paxillze round the centre of the disk. 

Locality.—Station 299. Off the western coast of South America, between Valparaiso 
and the Island of Juan Fernandez.. December 14, 1875. Lat. 33° 31’ 0” S., long. 74° 
43'0” W. Depth 2160 fathoms. Blue mud. Bottom temperature 35°°2 Fahr. ; surface 
temperature 62°°0 Fahr. 

Remarks.—Hyphalaster diadematus is distinguished from the other members of 
the genus by the prominent groups of larger paxilla on the abactinal area of the disk 
(the character from which the name is derived), and by the presence of five cribriform 
organs. 

The example of this species, which is figured on Pl. XXI., did not come into my hands 
until some time after the preliminary notice’ of this group had been published. It 
was one of the two species which had been drawn under the direction of the late 
Sir Wyville Thomson before the collection was entrusted to me, and after his death 
the specimens had been mislaid amongst other things, and were lost sight of for 
some time. 

The type which has been described is larger and differs slightly in several respects, 
but I see no reason to doubt for a moment that the two examples belong to the same 
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species; and I do not think it necessary to make an additional plate for the illustration 
of the larger specimen. The differences appear to me to be clearly due to age, and 
may be summarised briefly as follows :— 

The smaller specimen, which measures R=14 mm., r=7'5 mm., is shorter in the 
ray, the minor radial proportion being about 53°5 per cent., whilst in the larger example 
it is 41°6 per cent. The rays have also a more arched appearance abactinally. The disk 
in the smaller example is more inflated, and this causes the specimen to appear deeper 
in the lateral view. In the larger specimen, which is described, the larger paxille 
have a greater number of spinelets and are more numerous on the disk. The secondary 
row of small granules noticed on the outer margin of the adambulacral plates near the 
mouth in the larger example is not present in the smaller specimen, or only represented 
by mere rudiments on a few of the innermost plates. In like manner the small isolated 
granules noticed on the actinal intermediate plates of the larger specimen are very few 
and far between on the small one. Also the actinal intermediate plates are relatively 
deeper and less broad in the small form. 

In the drawing of the abactinal view on Pl. XXI. fig. 1, the membranous area 
between the marginal plates of the two sides of the ray is rather too broad. In the 
specimen the sides of the ray are somewhat compressed, and the figure is a restoration 
to the supposed normal condition ; but the breadth indicated appears to me certainly too 
great. The very striking groups of larger paxillae are scarcely shown with sufficient 
emphasis, though the dark areas well represent their presence. 


3. Hyphalaster inermis, Sladen (Pl. XXYV. figs. 4-6; Pl. XXVIII. figs. 5-8). 


Hyphalaster inermis, Sladen, 1883, Journ. Linn.’Soc. Lond. (Zool.), vol. xvii. p. 239. 

Rays five. R=20mm.; r=8'5 mm. R< 2‘57, 

Marginal contour stellato-pentagonoid. Rays well developed, slender, round, and 
tapering but slightly. The disk is depressed, not inflated, and both the abactinal and 
actinal surfaces stand on a level with the edges of the marginal plates. The minor 
radius is in the proportion of 42°5 per cent. The interbrachial arcs are very wide 
and expansive, the curve being slightly flattened at the summit of the are emphasises the 
marked pentagonal contour of the body-disk. 

The abactinal area is covered with closely crowded paxille, the whole disk as well as 
the base of the rays being uniformly packed. The paxillee are very fine and small, and 
are made up of about five to ten spinelets. Towards the margin they become smaller, and 
also in the centre, where they are very compact—a slightly prominent peak being formed 
as in Clenodiscus. A slight elevation of the surface is present in the median radial line, 
opposite the base of each ray, and at about one-third of the distance from the margin to 
the centre, 
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The marginal plates occupy the entire lateral region, and represent the whole thick- 
ness of the animal, forming perpendicular walls regularly rounded above and below. 
Along the rays, the supero-marginal plates meet in the median radial line, and form a 
complete casing to the ray, which is well rounded, small, and tapers but slightly. The 
supero-marginal plates are eight in number (or, counting a very small aborted one, nine), 
exclusive of the terminal. The plates which fall in the margin of the disk proper have 
the length about equal to their height, but in those along the ray the height is greater 
than the length. 

The infero-marginal plates correspond in number and in length to the superior series. 
In the interbrachial arc, along the disk proper, the height is about equal to the length, 
and the plates are uniform in size with the superior series. Towards the extremity of the 
ray the height diminishes gradually, and the length is greater than the height—a reversal 
of the relative proportions presented by the plates of the superior series. The marginal 
plates are smooth and bear no spines; but when examined microscopically have the 
appearance of being subgranular, and built up of a rather open network. The plates of 
both series are convex outwardly or tumid in a very slight degree, by which means the 
sutural divisions of the segments are clearly marked out, and a somewhat annulated 
appearance is given to the ray. The terminal plate is large and conspicuous, appearing 
somewhat tubercular when viewed in profile, and oval in contour when seen from above. 
This plate bears three short and rather robust spinelets—one at the terminal extremity 
of the plate, situated in the median radial line, pointing in the direction of the prolonga- 
tion of the ray, and diverging but little from the horizontal. Below this spine, and at each 
side of it, on the angle formed by the actinal edge of the plate and the terminal extre- 
mity, is a somewhat smaller spinelet, pointing in the direction of the prolongation of the 
actinal margin of the plate. 

Seven cribriform organs are present in each interbrachial are. They are narrow and 
well defined, and their structure is papilliform. (See Pl. XXVIII. fig. 8.) 

The ambulacral furrows are narrow and straight, almost completely closed in by the 
overarching adambulacral plates and spines, the tube-feet, which are arranged in simple 
pairs, being entirely concealed from view. The adambulacral plates are about half as 
broad as long, but diminish in size as they proceed outwards, and form along the ray 
triangular prominences projecting into the furrow. Lach plate bears three or four 
spines, rather short, rapidly pointed, more or less compressed, invested with membrane, 
arranged in line along the furrow margin of the plate, and sometimes oblique to 
the course of the furrow. The row of spinelets can be raised at a right angle to the 
surface of the plate, so as to allow the tube-feet to be protruded. Traces of an 
aborted secondary or external spinelet, represented by a mere granule, may be detected 
at the adoral extremity of the adambulacral plate, away from the furrow series. 

The mouth-plates are moderately large, the inner margins which fall in the median 
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suture being elevated so as to form a rounded elongate tubercular protuberance, the lateral 
margins being flattened out. Their armature consists of seven or eight mouth-spines on 
each plate, similar to those constituting the armature of the adambulacral plates, excepting 
the innermost one, which is much larger and stouter. Two large spines are thus con- 
spicuous at each mouth-angle, and are directed towards the centre, the series entirely 
closing the actinostome, which is remarkably small. The small mouth-spines upon the 
margin of the plate interlock with those of the adjacent mouth-angle, and form a con- 
tinuous series with the armature of the adambulacral plates. The rudiments of a 
secondary mouth-spine, represented by a thorn-like granule, occur on each plate, near 
the median suture, and at the highest portion of the keel. 

The actinal interradial areas are triangular in outline, flat, extensive, and covered with 
imbricating scales of more or less regularly symmetrical hexagonal form. These plates 
are broader than long, and arranged in regular series of single columns extending from 
the margin of the disk to the ambulacral furrow. Their breadth diminishes somewhat 
as they approach the margin, and consequently that of the columns also. The adam- 
bulacral plates join up to the infero-marginal plates along the whole length of the free 
portion of the ray, and there is consequently no extension of the interradial area along 
the ray. The imbricating plates bear a few widely spaced miliary tubercles or large 
granules upon their surface, usually four or five to the plate, upon which, however, they 
have no definite arrangement. 

Colour in alcohol, grey ; the paxillar area being a much darker shade, which shows a 
strong contrast with the greyish white of the marginal plates. 

Young Phase.—There is a small example of this species, which, though measuring 
only R=10 mm., r= 5 mm., so closely resembles in all respects the characters of the adult, 
that there is not the slightest hesitation in determining it specifically. Beyond the fact 
that the rays are shorter, the terminal plate more tubercular and broader, and that a less 
number of supero-marginal plates on the two sides of a ray meet in the median radial 
line, I can scarcely detect a feature worthy of mention as differentiating the immature 
from the adult form; excepting the changes in size, proportion, and number which affect 
plates and appendages normally. There are five supero-marginal plates between the 
median interradial line and the terminal in the small specimen. 

Locality—Station 237. Off Japan, south of Kawatsu. June 17, 1875. Lat. 34° 
37’ 0" N., long. 140° 32’ 0” E. Depth 1875 fathoms. Blue mud. Bottom temperature 
35°°3 Fahr. ; surface temperature 73°°0 Fahr. 

Remarks.—Hyphalaster inermis is distinguished from the other species with seven 
cribriform organs by its robust and rigid body-frame, by the supero-marginal plates 
meeting in the median radial line, by these being devoid of spinelets, by the fully 
developed paxille, and by the narrow cribriform organs. 
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4, Hyphalaster planus, Sladen (Pl. XXV. figs. 1-3; Pl. XXVIII. figs. 9-12). 
Hyphalaster planus, Sladen, 1883, Journ. Linn, Soc. Lond. (Zool.), vol. xvii. p. 242. 


Rays five. R= 35 mm.;7=15mm. R < 2°57. 

Marginal contour stellato-pentagonoid, The rays are of moderate length, and com- 
paratively slender from the disk outwards. The disk is depressed and not higher than 
the supero-marginal plates, although apparently capable of a slight inflation. The 
minor radius is in the proportion of 42 per cent. The interbrachial arcs are very 
wide and more or less flattened, which gives a strongly marked pentagonal aspect to 
the large disk. 

The abactinal area is covered with small closely crowded paxille, which are limited 
to the disk proper, and extend very slightly upon the area at the base of the rays; the 
median abactinal area of the ray being covered with membrane beset with small 
squamiform plates. The paxille are small, and composed of four to six short and 
comparatively robust spinelets, and are so closely placed as to almost give the appear- 
ance to the disk of being coarsely granulated, when seen without a magnifying glass. 
A prominent conical epiproctal protuberance is present in the centre of the disk. 

The marginal plates constitute the entire thickness of the animal, and form a well- 
rounded margin to the disk. Along the rays the supero-marginal plates of the opposite 
sides do not meet, but are separated throughout the whole extent of the ray by a 
median radial membranous area, beset with squama. The rays are comparatively slender 
and well rounded, having a cylindrical appearance, and proceeding somewhat abruptly 
from the angles of the disk. The supero-marginal plates are ten or eleven in number, 
exclusive of the terminal ocular plate. They are rather longer than high, excepting in the 
one or two outermost plates, where the proportions may even be very slightly reversed. 

The infero-marginal plates correspond to the superior series, the length exceeding 
the height throughout the ray. The height of the plates of the inferior series is 
greater in the interbrachial are than that of the superior series, whilst along the ray it 
is much less ; and it is less also than one-half the length of the plate. There is a gradual 
but very striking diminution in the size of the plates of both series as they pass from 
the disk along the ray. The marginal plates are smooth and covered with a very fine 
membrane; and all are devoid of spines excepting the terminal ocular plate. The 
terminal plate-is not large or conspicuous, its size being in serial proportion to the 
neighbouring supero-marginal plates; it forms a blunt obtusely rounded extremity to 
the ray, and its actinal portion is slightly curved upwards. It bears three spinelets, 
or representatives of such appendages—one, which is short, robust, and conical, placed 
at the extremity in the median radial line and directed vertically ; and a pair, one placed 
on each side, at a lower level, but quite in front of the abactinal spine. The lateral 
spines are probably aborted, being, at least in the specimen under notice, little more 
than tubercles. 
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Seven cribriform organs are present in each interbrachial are; they are very widely 
expanded, and cover nearly the whole of the plates, adjacent organs almost touching 
in the neighbourhood of the horizontal suture. Their structure is papilliform. (See 
Pl XX Ui hone): 

The ambulacral furrows are narrow, and when they are contracted and closed in by 
the spinelets the tube-feet are entirely hidden from view. ‘The adambulacral plates are 
elongate and subrhomboid in form, and present an angular prominence towards the 
furrow, the adoral side of the angle being much shorter than the aboral; from this 
circumstance results a singularly elegant festooned appearance, when the furrow is viewed 
as a whole. The armature of the adambulacral plates consists of four spines, except 
close to the mouth, three being placed on the aboral facet of the furrow margin of the 
plate, and one on the short adoral facet. The three innermost plates of the furrow 
immediately succeeding to the mouth-plates have five or six spines, and the angular 
prominence into the furrow is less pronounced. The spines of the adambulacral armature 
are uniform in size and shape throughout the ray; they are small, short, flat, and 
terminated abruptly with a lanceolate point, and all are in connection at their base 
with the common investing membrane of the plate. On the actinal surface of the plate, 
behind the furrow series of spines, are three to five small granules, arranged in a slightly 
curved line, which appears to follow the rounded margin of the adoral extremity and 
the outer side of the adambulacral plate. The most adoral of these granules show a 
tendency to develop the flat and pointed form of the furrow series, and there is little 
doubt that they are the representatives of an actinal or secondary series. 

The mouth-plates are large and prominent, each curving down in a coulter-like form 
until the margins which fall in the median line are at right angles to the plane of the 
actinal surface. The prominent median keel thus produced slopes with a regular curve 
adorally and aborally, its longitudinal profile being almost semicircular. The median suture 
is not closed, but rather widely open, and expanding towards the aboral extremity of the 
plates exposes a portion of the odontophore. Each plate bears a short, robust, conical- 
pointed spine at its innermost extremity, the companion spine of the adjoining plate 
standing parallel. ‘There is thus a pair of short, but conspicuous mouth-spines directed 
towards the centre of the actinostome from each mouth-angle. The remaining mouth- 
spines, which are six in number, are uniform in size and shape with the spinelets of the 
adambulacral armature, and are arranged along the margin of the plate which abuts 
on the furrow. A few prominent granules are present on the surface of the mouth- 
plates, but do not in the specimen under description appear to be arranged in any 
definite order. 

The actinal interradial areas are large and extensive, flat, and covered with oblong 
squamiform plates. On the outer portion of the area these plates are about twice as 
broad as long, and are arranged in columns parallel to the median interradial line. 
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In the neighbourhood of the mouth-angle, and adjoining the adambulacral plates, the 
actinal intermediate plates become larger and altered in form, and appear independent 
of the series of columns. The actinal interradial area is covered with a very fine and 
almost imperceptible membrane, plates and membrane together being so thin that traces 
of the internal organs of the starfish can be seen through them. A number of small 
irregularly disposed granules are distributed over the area, but seldom more than two 
or three are present on a plate, and they are often wanting. The imbrication of the 
plates appears to be very slight in this species, and is perhaps only present in the outer 
part of the areas. 

Colour in alcohol, grey, with traces of a purple shade remaining here and there upon 
the paxillar area and on the rays. 

Locality.—Station 157. In the Southern Ocean, near the meridian of 110° E. 
March 3, 1874. lat. 53° 55’ 0” &., long. 108° 35’ 0” E. Depth 1950 fathoms. 
Diatom ooze. Bottom temperature 32°°1 Fahr. ; surface temperature 37°°2 Fahr. 

Remarks.—This species is at once distinguished from the other species with seven 
eribriform organs by the supero-marginal plates of the two sides of a ray not meeting 
in the median radial line, but in being separated by a band of membrane; and also 
by the presence of the secondary or actinal series of granules behind the furrow series 
on the surface of the adambulacral plates. 


Genus Thoracaster, Sladen. 
Thoracaster, Sladen, Journ, Linn, Soc. Lond. (Zool.), 1883, vol. xvii. p. 245. 


Rays five, moderately long, cylindrical, and rigid. Disk large, and capable of slight 
inflation, 

Supero-marginal plates united in the median radial line, forming a cylindrical encase- 
ment to the ray. Marginal plates devoid of spinelets. 

Abactinal area covered with small closely crowded paxille. No central epiproctal 
protuberance present. 

Actinal interradial areas extensive, paved with plates imbedded in membrane, and 
carrying numerous small, uniform, rather closely placed, papilliform granules or spinelets. 

Ambulacral furrows narrow and enclosed. Armature of the adambulacral plates, con- 
sisting of short equal spines, ranged on the furrow margin of the plate, and forming a 
lineal series along the ray. The actinal surface or outer portion of the plate is occupied 
by small papilliform spinelets more or less definitely arranged. 

Cribriform organs fourteen in number in each interbrachial are, in the single species 
known, 

Terminal plate small, inconspicuous, and unarmed. 
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Chorology of the Genus Thoracaster. 


a. Geographical distribution :— 


ATLANTIC: One species between the parallels of 20° and 30° N. 
Thoracaster cylindratus off the west coast of Africa, between the 
Canary Islands and the Cape Verde Islands. 


8. Bathymetrical range: 2400 fathoms. 


y. Nature of the Sea-bottom: Globigerina ooze. 


Chorological Synopsis of the Species. 


| Ocean. Range in Fathoms. | Nature of the Sea-bottom. 


Thoracaster cylindratus . é : Atlantic. 2400 Globigerina ooze. 


1. Thoracaster cylindratus, Sladen (Pl. X XIX. figs. 1-6). 


Thoracaster cylindratus, Sladen, 1883, Journ. Linn. Soc. Lond. (Zool.), vol. xvii. p. 245. 


Rays five. R=62mm.; r=2l1mm, R=3r. 

Marginal contour stellate, with large disk and very narrow cylindrical rays, which 
taper to a point. The disk is shghtly inflated, forming a convex surface of low curvature. 
The minor radius is in the proportion of 33°8 per cent. The interbrachial ares are wide 
and well rounded. 

The abactinal area is covered with small, compact, and closely crowded paxille, which 
are, however, confined entirely to the disk in consequence of the junction of the supero- 
marginal plates in the median line along the whole of the free portion of the ray. The 
paxillae are very small, and composed of six to ten small spinelets closely appressed into a 
fascicule—the whole area appearing to the unaided eye almost like a uniformly granular 
surface. The paxille are a shade smaller in the centre of the disk, which they further 
define by their arrangement, although no prominent epiproctal peak is produced. The 
actinal area of the disk is slightly convex and slopes downwards at a small angle to the 
prominent mouth-plates. 

The marginal plates are high, forming a gently rounded margin to the disk, the plates 
curving slightly inward towards the abactinal and the actinal areas respectively. When 
viewed from above they are seen to encroach on the abactinal area to a very slight degree, 
and still less on the actinal. Along the free portion of the ray the supero-marginal plates 
of the two sides of the ray meet in the median radial line and entirely encase the ray ; 
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in consequence of the regular rounding of the plates, the ray assumes a perfectly 
cylindro-conical form, tapering to the tip, and suggesting the appearance of a delicate 
Belemnite. 

The supero-marginal plates are forty-three or forty-four in number, counting from 
the tip of one ray to the tip of the neighbouring ray, exclusive of the terminal plates. 
A pair of marginal plates stands in the median interradial line, instead of a sutural 
division as usual in Porcellanaster, All the marginal plates are devoid of spines or 
tubercles; and in both the superior and inferior series the height is greater than the 
length throughout the ray. 

The infero-marginal plates correspond exactly to the superior series, and their height 
may also be said to be equal. A few very small conical granules, evidently loosely 
attached, are present on the surface of the marginal plates, especially in those which 
border the disk, and are grouped chiefly near the actinal margin of the infero-marginal 
plates and the abactinal margin of the superior series. The terminal plate, which is very 
small and inconspicuous, is in no way gibbous, and does not interfere with the general 
outline of the conically tapering ray; it is entirely devoid of spines. Seen in lateral 
profile, the tip of the ray shows a faint tendency to an upward curve, produced by the 
slightly elevated position of the terminal plate and the curving upward of the actinal area. 

Fourteen cribriform organs are present in each interbrachial arc ; they are very narrow 
and their structure is papilliform. (See Pl. XXIX. fig. 6.) 

The ambulacral furrows are narrow, and when in a state of contraction, entirely conceal 
the tube-feet. The adambulacral plates are longer than broad, but are quite incon- 
spicuous, their form and even the divisional sutures being masked by the membrane 
and spinelets with which they are covered. The armature of the adambulacral plates 
consists of five spines on the furrow margin, and the series of these form a continuous 
straight line throughout the ray, without curve or break of any kind. These spines 
are short, robust, truncate at the extremity, and flat, their breadth being placed at right 
angles to the furrow, and all are equidistantly spaced apart. Behind the furrow series 
each adambulacral plate bears on its actinal surface two irregular series of smaller 
and subconically shaped spinelets, about three standing at irregular distances next to the 
inner spinelets, and about five in the outer series, Owing to their irregularity in number 
and position and their tendency to group, these outer spinelets do not form the definite ~ 
continuous lineal series presented by the inner or furrow series of the adambulacral 
armature, 

The mouth-plates are large, and the combined pairs form conspicuous tubercular 
prominences. The median suture is imperfectly closed and expands at the aboral extremity 
of the plates, exposing the odontophore. Along the free margin of the plate is disposed 
a series of six or seven mouth-spines, similar to the spines forming the armature of the 
adambulacral plates, the innermost being slightly largest. The surface of the plates bears 


(ZOOL, CHALL. EXP,—PART LI.—1887.) 22 


170 THE VOYAGE OF H.M.S. CHALLENGER. 


a number of spiniform granules, which are most robust and elongate on the adoral half 
of the plate. Beyond this, these appendages do not appear to present any special 
arrangement or to form definite series, and they impart a very echinulate aspect to the 
mouth-angles. 

The actinal interradial areas, which are large, are covered with membrane and minute 
subspiniform, conical granules. These are small, numerous, rather closely placed, and 
distributed over the whole area; here and there a faint appearance of grouping may be 
observed, which seems to suggest the indication of the actinal intermediate plates. Of 
the actual outline, arrangement, or character of these plates no observations can be made, 
owing to the uniform and thick covering of membrane with which they are overlaid. 

Colour in alcohol, yellowish white, the paxillar area having a rather browner shade. 

Locality.—Station 89. Off the west coast of Africa, between the Canary Islands and 
the Cape Verde Islands. July 23,1873. Lat. 22°18’ 0” N., long. 22° 2/0” W. Depth 
2400 fathoms. Globigerina ooze. Bottom temperature 36°°6 Fahr.; surface temperature 
73°°5 Fahr. 

Remarks.—I know of no other starfish with which this remarkable and elegant form 
can be confounded, 


Subfamily Crenopiscrin#, Sladen, 1886. 
Genus Ctenodiscus, Miiller and Troschel. 
Ctenodiscus, Miiller and Troschel, System der Asteriden, 1842, p. 76. 
Anodiscus (? Valenciennes, M.S.), Perrier, Ann. Sci. Nat., 1869, 5e Sér., t. xii. p. 298. 

I have on a preceding page (p. 125) stated my reasons for associating this genus 
with the Porcellanasteride, and I have also remarked on the presence of an extremely 
minute pore at the extremity of the epiproctal cone, which is more or less prominently 
developed in the centre of the abactinal area. 


Chorology of the Genus Ctenodiscus. 
a. Geographical distribution :— 
Artantic : Two species :—one between the parallels of 60° and 80° N., the 
other between the parallels of 30° and 60° 8. 
Ctenodiscus corniculatus off the Scandinavian and North 
American coasts, off Greenland, Spitzbergen, and Nova Zembla, 
and in the Kara Sea. Ctenodiscus australis off the eastern coast 
of the southern point of America. 
Paciric: One species between the parallels of 40° and 60° 8S. 
Ctenodiscus procurator off the western coast of the southern 
point of America. 
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8. Bathymetrical range: 7 fathoms to 1325 fathoms, 


All the species extend into the Abyssal zone, but none of them are exclu- 
sively confined to it. 


Greatest range of one species : Ctenodiscus procurator, 40 to 1825 fathoms. 
y- Nature of the Sea-bottom: Ctenodiscus corniculatus is found on variable bottoms ; 
but usually on mud and soft clay; occasionally hard and shelly. Ctenodiscus 


australis is found on sand, and on Green sand in 600 fathoms. Ctenodiscus 
procurator has only been found hitherto on Blue mud. 


Chorological Synopsis of the Species. 


Ocean. Range in Fathoms. | Nature of the Sea-bottom. 
: : ; Sand; Green sand 
Ctenodiscus australis. : . | South Atlantic. 55 to 600 { (600 fathoms). 
Ctenodiscus corniculatus . ; ‘ North Atlantic. 7 to 632 Mud and Soft clay ; 
hard occasionally. 
Ctenodiscus procurator  . : : South Pacific, 40 to 1325 Blue mud. 


1. Ctenodiscus corniculatus (Linck), Perrier. 


Astropecten corniculatus, Linck, 1733, De Stellis marinis, p. 27, tab. xxxvi., No. 63. 

Asterias crispata, Retzius, 1805, Dissert. sist. species cognitas Asteriarum, p. 17. 

Asterias polaris, Sabine, 1821, in Parry’s Journ. of a Voyage for the Discovery of a N.W. Passage, 
&c., in 1819-20, Append., p. cexxiii., pl. i. figs. 2, 3. 

Asterias arancia, Dewhurst, 1834, Nat. Hist. of the Order Cetacea, &., p. 283. 

Astropecten polaris, Gray, 1840, Ann. and Mag. Nat. Hist., vol. vi. p. 180. 

Ctenodiscus polaris, Miiller and Troschel, 1842, System der Asteriden, pp. 76, 129. 

Ctenodiscus pygmeus, Miiller and Troschel, 1842, System der Asteriden, pp. 76, 129. 

Ctenodiscus crispatus, Diiben and Koren, 1846, K. Vet.-Akad, Handl., 1844, p. 253. 

Anodiscus crispatus (1 Val. M.S.), Perrier, 1869, Ann. Sci. Nat., 5e Sér., t. xii. p. 298. 

Ctenodiscus corniculatus, Perrier, 1876, Révis. Stell. Mus., p. 380 (Arch. de Zool. expér., t. v. p. 300). 


Localities.—“ Porcupine” Expedition : 

Station 82. In the Faerée Channel. Lat. 60° 0’ 0” N., long. 5°13’ 0” W. Depth 312 
fathoms. Bottom temperature 5°:2 C.; surface temperature 11°°2 C. 

Station 57." In the Faerée Channel. Lat. 60° 14’ 0” N., long. 6°17’ 0” W. Depth 632 
fathoms. Bottom temperature —0°'8 C. ; surface temperature 11°*1 C. 

Station 58." In the Faerée Channel. Lat. 60° 21’ 0” N., long. 6° 51’ 0” W. Depth 540 
fathoms. Bottom temperature —0°-6 C.; surface temperature 10°6 C. 


1 This occurrence is recorded in Sir Wyville Thomson’s Depths of the Sea, but I have not seen a 
specimen, 
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Other Localities.—This species also occurs off the coast of Greenland, off the eastern 
coast of North America, off the Scandinavian coast, off Spitzbergen and Nova Zembla, 
and in the Barents Sea. 

Ctenodiscus corniculatus has been found in the fossil state by the late M. Sars’ in the 
older beds of the Postpliocene or Glacial formation of Norway, near Christiania. 


2. Ctenodiscus australis, Liitken (P]. XXX. figs. 1-6). 
Ctenodiscus australis? (Lovén, M.S.), Liitken, 1871, Vidensk. Medd. naturh, Foren. i Kjobenhavn, p. 238. 


Localities. Station 313. Near the Atlantic entrance to the Straits of Magellan. 
January 20, 1876. Lat. 52° 20’ 0” S., long. 67° 39’ 0” W. Depth 55 fathoms. Sand. 
Bottom temperature 47°°8 Fahr. ; surface temperature 48°-2 Fahr. 

Station 320. South of Monte Video, off the mouth of the Rio de la Plata. February 
14, 1876. Lat. 37°17’0” S., long. 53° 52’0” W. Depth 600 fathoms. Green sand. 
Bottom temperature 37°°2 Fahr. ; surface temperature 67°°5 Fahr. 

Remarks.—This species is readily distinguished by the large paxille, by the hidden 
madreporite, and by the shorter but still well-defined rays, which are obtuse and rounded 
at the extremity, with large supero-marginal plates there in comparison to those in the 
other species. The margins of the disk and rays are thick, well-rounded, and tumid, the 
supero-marginal plates being bevelled slightly towards the abactinal surface. The number 
of marginal plates is less than in Ctenodiscus procurator, and the form altogether is of 
much smaller habit. The small tubercle or spinelet at the junction of the supero-marginal 
and infero-marginal plates is more or less aborted. . 

In the examples from deeper water (Station 320, 600 fathoms) the shortness and the 
obtuseness of the rays and the prominence of the epiproctal cone or peak in the centre of 
the abactinal area is especially noticeable. 

One specimen from Station 313 (55 fathoms) is remarkable in being regularly four- 
rayed, with a perfectly cruciform outline. There are four regular mouth-angles, and 
nothing irregular is noticeable excepting a slight displacement and malformation in a 
few of the marginal plates near the median interradial line in one interbrachial arc, pro- 
bably marking the place of the aborted ray. When the starfish is oriented with the 
madreporiform body in the right anterior interradium, it is the right posterior interradium 
in which this irregularity occurs; and the position of the displacement of plates appears 
to indicate that it is the ray No. 5 which is aborted, the ray No. 1 being thus brought 
into the position of the odd posterior interradium. 


1 Oversigt af Norges Echinodermer, Christiania, 1861, p. 144. 
2 This was a museum-name given by Lovén, and was adopted by Liitken on the understanding that the 


species was being figured for the descriptive account of the voyage of the “Eugenie.” This work has never 
been completed, and is now discontinued. 
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3. Ctenodiscus procurator, n. sp. (Pl. XXX. figs. 7-12). 


This form has so many points of close resemblance to the North-Atlantic Ctenodiscus 
corniculatus that examples might be selected which at first sight would easily be 
mistaken for that species. A number of small differences, however, present themselves 
when a large series is examined, which appear sufficiently constant to warrant the recog- 
nition of this form as a distinct species. Under these circumstances the description of 
Ctenodiscus procurator will probably be most intelligible if it takes the form of a com- 
parative review of the characters of this species in relation to those of the two previously 
known species of Ctenodiscus, viz., Ctenodiscus cornmiculatus of the North Atlantic, and 
Ctenodiscus autralis, Liitken, from the East of Patagonia. 

When these three species are compared inter se it is evident that in many respects 
Ctenodiscus corniculatus, though so widely separated geographically, appears to occupy 
an intermediate classificatory position between Ctenodiscus australis and Ctenodiscus 
procurator, which inhabit the eastern and western sides respectively of South America. 
In Ctenodiscus procurator the rays are generally a trifle longer, and, even when not 
actually so, have at least that appearance in consequence of being slightly narrower at 
the base and more attenuate and pointed outwardly. The abactinal area is plane, its 
union with the lateral wall, especially in the region of the disk and the base of the rays, 
forming a sharp angle in consequence of the rapid adoral slope of the whole lateral wall ; 
the supero-marginal plates being also affected in the majority of cases. This feature at 
once strikes the eye in comparison with the usually vertical and actinally well-rounded 
margin of Ctenodiscus corniculatus and the thick and tumid one of Ctenodiscus australis. 

The paxillze of the abactinal area are small and crowded, similar to those in Cleno- 
discus corniculatus. The madreporiform body is distinct and not hidden by paxilla as in 
Ctenodiscus australis. The marginal plates appear to be invariably rather more numerous 
than in Ctenodiscus corniculatus, and consequently still more so than in Ctenodiscus 
australis ;—for example, in a specimen of Ctenodiscus procurator, measuring R=28°5 
mm., there are eighteen supero-marginal plates counting from the median interradial line 
to the extremity ; whereas in Ctenodiscus corniculatus of exactly the same radial dimen- 
sions (R=28°5 mm.) there are only fifteen. Ctenodiscus corniculatus, with R= 27 mm., 
has fourteen supero-marginal plates; Ctenodiscus procurator, with R=27 mm., has 
seventeen. Ctenodiscus procurator appears to have generally one or more spines less on 
the adambulacral plates than in Ctenodiscus corniculatus, three only being actually 
marginal or furrow spines, and a fourth standing backward and on the actinal surface 
of the plate at the aboral end. Very rarely indeed are four furrow spines present ; 
whereas four and five are general in Ctenodiscus corniculatus. 

From the foregoing remarks it will be seen that Ctenodiscus procurator is much more 
closely allied to the North-Atlantic Ctenodiscus corniculatus than to the comparatively 
neighbouring form Ctenodiscus australis, from which it is readily distinguished, On the 
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other hand the individual points of difference between the Chilian and the Northern 
forms are small and trifling, but when taken as a whole may be regarded as sufficient to 
differentiate them specifically, especially when the constancy of the characters in question 
and the widely separated geographical position of the two forms are taken into account. 

Colour in alcohol, a bleached yellowish white. 

Localities.—Station 303. Off the western coast of South America, off the Chonos 
Archipelago. December 30, 1875. Lat. 45° 31’ 0” 8., long. 78° 90” W. Depth 13825 
fathoms. Blue mud. Bottom temperature 36°°0 Fahr. ; surface temperature 54°°8 Fahr. 

Station 306. In the Messier Channel, between Wellington Island and the west coast 
of Chili. January 2, 1876. Lat. 48°17’ 0” S., long. 74° 33/0” W. Depth 565 fathoms. 
Blue mud. Surface temperature 57°:0 Fahr. 

Station 307. Between Wellington Island and the west coast of Chili, off Port 
Grappler. January 4, 1876. Lat. 49° 24’ 30” S., long. 74° 23’ 30” W. Depth 140 
fathoms. Blue mud. Surface temperature 53°:0 Fahr. 

Station 309. Off Puerto Buono. January 8, 1876. Lat. 50° 56’ 0” §., long. 74° 
15/0” W. Depth 40 fathoms. Blue mud. Bottom temperature 47°0 Fahr. ; surface 
temperature 50°'5 Fahr. 

Station 311. Off the entrance to Smyth Channel. January 11, 1876. Lat. 52° 45’ 
30” S., long. 73° 46’ 0” W. Depth 245 fathoms, Blue mud. Bottom temperature 46°-0 
Fahr. ; surface temperature 50°°0 Fahr. 


Family ASTROPECTINID# (Gray, 1840), emend. 


Several of the forms included in this family have previously been ranked in the genus 
Archaster, as shown in the list of species erroneously referred to that type, given on 
p. 122. This circumstance may be attributed in a large measure to the great similarity in 
general facies that exists between many of the Asterids belonging to the two families 
Archasteridze and Astropectinide, as well as to the want of an exact limitation of the 
generic scope of Archaster. 

On the basis of the structural characters indicated in these pages, I consider that the 
Astropectinide are a well-defined family, and that the genera which I have now classed 
together constitute a natural croup distinguished by special morphological features. 

Inidia, on account of its structural peculiarities, is in my opinion a very divergent 
member of the family. The relationship of this genus is in many respects so isolated 
that I have placed it in a distinct subfamily, in recognition of this fact; and I have 
associated with it, on structural grounds, the remarkable genus Platasterias of Gray, 
which has latterly been merged in the genus Astropecten. 

The genus J/yaster of Danielssen and Koren appears to me to belong to this fathily ; 
and its affinities are probably near to Phoxaster. 
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Synopsis of the Genera included in the Family Asrropectinpm. 


A. Adambulacral plates touching the infero-marginal plates along the ray. 
Marginal and adambulacral plates not correspondent in length and 
number. Supero-marginal plates more or less well developed. No 


forficiform pedicellaria . c : ° « ASTROPECTININA. 
a. With a webbed marginal fringe a the eal nlates ind to the 
actinal intermediate plates . ; : : . ; - Craspidaster. 


b. With no webbed fringe to the marginal plates or ine actinal inter- 
mediate plates. 
a. Supero-marginal plates with a prominent ridge and specially 
developed fasciolar channels, 
#, Actinal interradial areas small, usually with few inter- 
mediate plates, Paxillee with radiating crowns, 
i. Marginal plates very short and bandlike. Supero- 
marginal plates much smaller than the infero- 


marginal plates, : 5 4 . Leptoptychaster. 
. Marginal plates long and more or nee eer 
Superior and inferior series subequal. : . . Astropecten, 


@. Actinal interradial areas large, with numerous inter- 
mediate plates which imbricate and form trans- 
verse columns. Paxille small, with compact 

erect crowns and long pedicles . 5 A a . Motraster. 
b, Supero-marginal plates plane, with no ridge and no specially 

developed fasciolar channels. 

a, Spinulation simple, not sacculate. Adambulacral arma- 
ture forming a straight series on the furrow mar- 

gin, spinelets numerous and uniform . 5 3 6 . Pesilaster. 
8. Spinulation sacculate. Ambulacral armature forming 
an angulated series on the furrow margin, the 
spinelets few in number, and the median one of 

a different shape from the rest, 

i. Well-developed epiproctal cone. No pedicellarie . 5 » Phoxaster. 

ii. No epiproctal cone. Sacculated spinelets of the 
actinal area forming modified pedicellaria , 0 . Bathybiaster. 

B. Infero-marginal plates separated from the adambulacral plates by a small 
intermediate plate throughout the ray. Marginal and adambulacral 


plates correspondent in length and number. . 5 » Lorpi2. 
a. Supero-marginal plates aborted. Adambulacral plates not separated by 
a fimbriated channel. Forficiform pedicellariw present . . 5 . Luidia. 
b. Supero-marginal plates present. Adambulacral plates separated by a 
fimbriated channel, No forficiform pedicellarie present , ~ . Platasterias, 


Subfamily AsTRoPECTININ#, Sladen, 1887. 
Genus Craspidaster, n. gen. 


Archaster (pars), Miiller and Troschel, Monatsber. d. k. Akad. d. Wiss. Berlin, 1840, p. 104; System 
der Asteriden, 1842, p. 65. 


Rays five, tapering, subrigid. General form subdepressed and flat. 
Supero-marginal and infero-marginal plates largely developed, remarkably thick and 
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massive. Covered with hyaline, deciduous granules; devoid of spmes, excepting one 
adpressed, flattened, lateral spine on the infero-marginal plates. Deep, well-defined 
channels along the sutures between successive plates, the margins bordered with a 
webbed fringe formed of small spinelets enveloped in a continuous membranous invest- 
ment; the fringe continuous round the inner end of the supero-marginal plates. 

Abactinal area with paxille. Paxille with very massive basement plates, suboval 
internally, pedicle columnar, crown with one or more central eranules on the tabulum, 
surrounded by a marginal series of short spinelets, which radiate horizontally, and are 
united, at least in part, by a membranous web. 

Adambulacral plates superficially subquadrangular or rhomboid; the furrow margin 
with a series of short, subcylindrical spinelets, five or six in number, forming a small 
radiating comb; the other three margins bearing small, skin-covered, papilliform spine- 
lets, directed over a channel which intervenes between adjacent adambulacral plates, and 
also between the adambulacral and the marginal plates. Actinal area of the adambulacral 
plates covered with skin and devoid of spines. Ambulacral furrows entirely closed by 
the adambulacral plates and their armature, when contracted. 

Actinal interradial areas well developed, with a few large plates, regular and pave- 
ment-like in their disposition, covered with hyaline deciduous granules, each plate mar- 
gined with a webbed fringe like that on the marginal plates; well-defined channels along 
the suture lines of the plates. 

Superambulacral plates present. Tube-feet conically pointed. 

No anus. No pedicellariz. 

Remarks.—The type of this remarkable genus is the starfish to which Miller and 
Troschel gave the name of Archaster hesperus. Specimens, nearly all in a dry state, are 
to be found in the British Museum, as well as in several of the Continental museums, but 
the form has nevertheless been left in its anomalous position, although other observers 
have noted some of its remarkable characters. Under these circumstances I have given 
below an account in detail of its general structure. It will be seen to have nothing of 
generic import in common with the two other members of Miiller and Troschel’s genus 
Archaster, Archaster typicus and Archaster angulatus, or indeed with the other forms 
which have been hitherto ranked as Archaster. The presence of the superambulacral 
plates, the conical pointed tube-feet, the absence of an anus, and also the absence of 
pedicellarize, would seem naturally to associate this form with the Astropectinide, whilst 
the massive granulose plates, devoid of all spines excepting the lateral, with their singular 
marginal fringe, the character of the adambulacral plates and their armature, and like- 
wise that of the actinal intermediate plates, constitute a series of structures that isolates 
the form very distinctly from other genera at present known. 
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Chorology of the Genus Craspidaster. 


a. Geographical distribution :— 
Pactiric and HasTERN ARCHIPELAGO: One species between the parallels of 0° and 
40° N. 
Craspidaster hesperus off Japan and China, and in the Eastern 
Archipelago. 


8. Bathymetrical range: Appears to be confined to the Littoral zone: 20 fathoms is 
the greatest depth recorded. 


y. Nature of the Sea-bottom : Mud. 


Chorological Synopsis of the Species. 


Ocean. Range in Fathoms. Nature of the Sea-bottom. | 


| 
é Pacific and | 
Craspidaster hesperus . | Taster) Arahipolare, \ 20 Mud. | 


1. Craspidaster hesperus, Miller and Troschel, sp. (Pl. XVII. figs. 5-7; Pl. XVIII. 
figs. 1-4). 


Archaster hesperus, Miiller and Troschel, 1840, Monatsber. d. k. Akad. d. Wiss. Berlin, p. 104; System 
der Asteriden, 1842, p. 65. 


Stellaster sulcatus, Mobius, 1859, Neue Seesterne des Hamburger und Kieler Museums, p. 11, Taf. iv. 


figs. 1 and 2 (Abhandl. a.d. Gebiete Naturw. hrsg. v. d. naturwiss, Verein, Hamburg, Bd. iv. 
Abth. 2, 1860). 


Rays five. R=53 + mm. (the terminal plate being broken off in all the rays of the 
largest specimen); r=15 mm. Breadth of the ray across the second supero-marginal 
plates, 14°5 mm. 

General form depressed and rigid. Rays moderately long and flat, tapering from the 
base to the extremity, which is not attenuated or sharply pointed. Interbrachial ares 
wide and well rounded. Abactinal surface plane. Actinal surface plane. Margin well 
rounded ; lateral walls highest in the interbrachial arc, decreasing gradually towards the 
end of the ray. 

The abactinal surface of the disk and rays is covered with paxille of a rather peculiar 
form, which I have not observed in any other species. In the immediate centre of the 
disk the paxille are small, crowded, and individually indistinguishable ; they also 
diminish greatly in size as they proceed along the ray, but remain perfectly distinct, and 


though closely placed throughout, in no way interfere with one another’s form by crowd- 
(ZOOL, CHALL. EXP.—PART LI.—1887.) , 23 
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ing. The largest paxille occur midway between the centre of the disk and the margin, 
and at the base of the rays. These consist of a comparatively large, convex tabulum, 
covered with rather coarse hemispherical granules, having more or less of a mulberry 
form, with a fringe-like series at the margin of the tabulum of short, equal, skin-covered 
papilliform spinelets, all directed horizontally. On the large paxillee there may be from 
ten to twenty granules on the central area of the tabulum, and from sixteen to twenty in 
the marginal series. In the medium-sized paxille, beyond the base of the ray and in the 
neighbourhood of the margins throughout, there are not more than three or four of the 
central granules, and eight to ten of the marginal series, whilst in the smaller paxille on 
the outer half of the ray there is seldom more than one central granule, and seven or 
eight appear to be the normal number of marginal spinelets; in these the membranous 
investment is even more apparent than on the larger paxille, and is continuous or united 
for a considerable distance between adjacent spinelets. Upon the rays the paxille are 
arranged in remarkably regular, straight, transverse series, which extend uninterruptedly 
from one series of marginal plates to that on the other side of the ray, traversing the 
whole paxillar area of the ray. Although there is no formation of a definite median line, 
the paxillee in the middle of the area on the inner third of the ray are distinctly larger 
than the others in the same transverse series. 

The marginal plates are large and remarkably massive, forming a broad border to the 
abactinal and actinal areas, and are well rounded in the lateral wall. The supero- 
marginal plates, thirty or thirty-one in number from the median interradial line to the 
extremity, have the breadth equal to about twice the length, the proportion diminishing 
slightly towards the extremity. Their height at the summit of the interbrachial arc is 
about twice the length, about midway on the ray it is nearly one and a half, and at the 
extremity subequal. The width of the paxillar area is equal to that of the supero- 
marginal plate at the fifteenth plate from the median interradial line ; midway on the ray 
it is rather greater. The plates are slightly, but rather flatly, convex along their median 
transverse line (¢.e., breadth), and are separated by well-defined channels. Their sur- 
face is covered with rather large, uniform, tolerably well-spaced, hyaline, hemispherical 
granules, which are abnormally deciduous, and around the margin of the plate is a fringe 
of small, uniform, papilliform spinelets, invested with a continuous web-like membrane, 
directed horizontally in relation to the vertical plane traversing the breadth of the plate ; 
the fringe thus covers over the furrow between the supero-marginal plates, and is con- 
tinous round the end of the plate abutting on the paxillar area. There are no spines on 
the supero-marginal plates. 

The infero-marginal plates correspond exactly to the superior series, and their length 
is the same; their height in the lateral view is nearly twice their length at the summit of 
the interbrachial arc, but diminishes along the ray, being subequal or even slightly less 
when midway. Their breadth on the actinal surface is about twice the length midway 
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along the ray, but is considerably greater in the interbrachial arc, where the border 
formed by the infero-marginal plates occupies very nearly half the space between the 
mouth-angle and the margin; on the outer part of the ray the proportion of breadth to 
length diminishes gradually, but the breadth remains preponderant throughout. The 
surface of the plates is faintly but flatly convex, emphasized by the rounded bevel at the 
margin of the well-defined transverse channel between each successive plate. The surface 
of the plates is covered with uniform, well-spaced, hyaline, deciduous, hemispherical 
granules, similar to, but perhaps slightly smaller than, those on the supero-marginal 
plates, and the margins are furnished with a similarly webbed fringe of small spinelets 
directed horizontally over the transverse channels between the plates, the fringe increasing 
a little in breadth as it approaches the edge of the ray. On the infero-marginal plates 
which abut against adambulacral plates, the fringe is not present on that edge, but the 
four innermost infero-marginal plates, that is to say, two on each side of the median 
interradial line, which abut against the actinal intermediate (ventral) plates, have the 
fringe continuous round the inner end of the plates, and on a few plates next succeeding 
a trace of the fringe is discernible, the abortion being effected gradually. Each infero- 
marginal plate bears a single, small, compressed, comparatively broad, flat, truncate spine- 
let, scarcely longer than the length of the plate; it is articulated but adpressed to the 
ray, directed towards the extremity at a slight angle upwards, and it is placed at the 
extreme margin of the actinal surface, consequently a little below the upper edge of the 
infero-marginal plate, and stands close to its aboral margin. Occasionally on one or two 
plates in the interbrachial are a second smaller and very much narrower spinelet may be 
present at some distance from the marginal one, on the actinal surface, and likewise close 
to the aboral margin of the plate. 

The adambulacral plates are small, and, as seen with their armature when viewed 
from above, appear subquadrate or rhomboid in form. Their armature consists of a 
furrow series of five or six short, cylindrical, slightly tapering spinelets, the outer ones 
rather smaller than the others, and all radiating slightly apart at an angle over the 
furrow. The actinal surface of the plate is covered with membrane, and is devoid of 
spinelets, but bears round its margin, that is to say, on the three remaining sides, a series 
of small, uniform, skin-covered, papilliform, obtuse spinelets, very much shorter than the 
furrow series, and directed at an angle of about 45° to the plane of the plate, towards the 
adjacent plate, whether this be an adambulacral or marginal one. There is thus the appear- 
ance of a straight channel intervening between the series of adambulacral plates and the 
marginal plates over which the series of skin-covered spinelets is directed, and the adam- 
bulacral plates are themselves distinctly and clearly spaced. Near the middle of the 
aboral margin of each adambulacral plate is one comparatively very robust, short, stumpy, 
subconical spinelet, its posture suggesting resemblance to a thumb in relation to the 
furrow series of spinelets, if these were considered as the fingers of an outstretched hand. 
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It is directed at a slight angle to the vertical outwards (sometimes inwards on the outer 
part of the ray), and towards the extremity. 

The mouth-plates are small and elongate, the outline of the united pair being fusi- 
form, and their surface is not convex or prominent actinally. Their armature consists of 
a marginal series of five or six small spinelets, which extend from the inner extremity 
to the junction with the adambulacral plate. Close within this series is a second which 
quite masks them, consisting of a lineal series of eleven or twelve short, robust, subconical 
and pointed spinelets, which extend from one extremity of the plate to the other, de- 
creasing slightly in length, but less in robustness, as they recede from the mouth. 

The actinal interradial areas, which are comparatively small and triangular, are occupied 
by a few very large, recular, intermediate plates, arranged in definite order, mosaic-like and 
not imbricating. The first or innermost plate on each side of the median interradial line 
is considerably larger than the mouth-plates, and the pair together have an hexagonal 
outline; they occupy fully two-thirds of the distance between the mouth-plates and the 
marginal plates, and are separated by a median suture corresponding to the median inter- 
radial line. The space intervening between this pair and the marginal plates is occupied 
by a single odd oblong plate standing in the median interradial line; only in one area, in 
the specimen under description, are there two plates, and these are symmetrical, and 
the suture marking their line of union falls in the median interradial line. The other 
plates extend the whole way from the adambulacral to the marginal plates, and vary in 
shape according to their position. The number also varies from three to five in each half 
area, and may vary even in the two halves of one and the same area. The second plate 
counting from within is in all cases the largest plate in the area. The surface of these 
plates is covered with small, hemispherical, deciduous granules, similar to those on the 
marginal plates, and round the margin of each plate is a fringe of small spinelets united 
by a membranous web, similar to that described on the marginal plates, which is directed 
horizontally over a channel running between the plates. 

I have been unable to detect the slightest trace of an anal aperture ; indeed, from the 
small and compact character of the paxille in the centre of the dorsal area, it might be 
said, reasoning from the analogy of Astropecten, that no such aperture existed. The 
region is sometimes slightly protruded in a low cone, sometimes slightly introverted in 
the centre. 

The madreporiform body is moderately large, subcircular, and situated midway between 
the centre of the disk and the margin. The central area of the body is abruptly elevated 
and occupied by one of the mulberry-like masses of hemispherical granules similar to 
those on the tabulum of the paxillee, and this again is surrounded by the marginal fringe 
of spinelets (in fact a central, but sessile, paxilla); beneath this the striation-furrows, 
which are fine, may be seen radiating to the periphery of the body. 

The ambulacral furrows are completely closed in by the adambulacral plates and 
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armature when contracted. The tube-feet* have conical tips when extended, but which 
appear slightly knob-like when contracted. 

No pedicellarize of any kind are present. 

Colour in alcohol, a brownish grey over the paxillar area; marginal plates and actinal 
surface a bleached yellowish white. 

Young Phase.—In a small specimen from Station 203, measuring R=22 mm., r= 6°5 
mm., the number of marginal plates is twenty-four, and in general character this example 
accords in all points with the adult form, the species being unmistakable. The remark- 
able webbed fringes are fully developed, and the furrows between the marginal plates are 
very wide. The number of spinelets in the paxille and in the armature of the adam- 
bulacral plates is rather less, especially on the attingent sides of the latter, as might 
naturally be expected. The spinelets in the furrow series range in number from four to 
six, according to position. On the larger paxille of the disk seldom more than six to nine 
marginal spinelets are present, and not more than one or two central granules; along the 
ray five or six appears to be the normal number. The madreporiform body is relatively 
nearer the margin than in the adult form. The centre of the abactinal region is slightly 
introverted as in many Astropectinide. The development of the terminal (or “ ocular”) 
plate is interesting. In the young stage referred to, the plate is divided along its entire 
median line, forming a more or less wide and gaping channel, with the edges rounded, 
along which the abactinal membrane passes and more or less aborted paxillar spinelets ; 
beneath the membrane lies the terminal tentacle, there being no completion of the 
calcareous ring on its abactinal side. In the larger example from this locality, a thin, 
narrow, calcareous connection is developed on the floor of the furrow, but only at the 
distal extremity of the plate, forming there a delicate arch over the terminal tentacle. 
This division of the terminal plate is full of significance as regards the formation of this 
so-called single plate. 

Variation.—In the specimen from Station 203 there is a small amount of variation 
which is worthy of notice, although it might readily be passed over. ‘This occurs in the 
armature of the adambulacral plates, the prominent robust thumb-like spinelet on the 
aboral margin of the plate being wanting (see Pl. XVIII. fig. 2). The largest example 
is smaller than that from Hong Kong, hence it is possible that the “ thumb” may be 
developed only after full maturity is attained. On the other hand it may be said that 
as the example under notice measures R=37°5 mm., r=9°75 mm., and has exactly the 
same number of marginal plates (thirty-one, exclusive of the terminal) as the larger Hong- 
Kong specimen, its normal adult characters may be considered to be present. 

On comparing the two forms it may further be remarked that the furrow series of 
spines on the adambulacral plates are comparatively longer in the specimens from Station 
203, and also that the breadth of the adambulacral plates in relation to their length is 
slightly greater. ‘The marginal spines are comparatively longer and narrower, and they 
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are frequently pointed and channelled along their length, or gouge-shaped. The spinelets 
in the webbed fringe on the three attingent sides of the adambulacral plates are fewer 
in number, as also are the spinelets on the paxillee of the abactinal area (see Pl. XVIII. 
fig. 1). These, however, are characters which I regard as attributable to the smaller size. 

Localities. —Challenger Expedition : 

Hong Kong, 10 fathoms. 

Station 203. East of Panay Island (Philippine group). October 31, 1874. Lat. 11° 
6’ 0” N.; long. 123° 90” E. Depth 20 fathoms. Mud. Surface temperature 85°:0 Fahr. 

Other localities: Japan (Miller and Troschel) ; Banka Straits (Stockholm Museum) ; 
Singapore (von Martens). 

Remarks.—Miiller and Troschel’s type-specimen in Berlin from Japan, collected by 
Captain Wendt, which I have examined, conforms in all points—in so far as the dry 
specimen can be compared—with the form above described from Hong Kong. It is, 
however, somewhat smaller, measuring R= 41 mm.,r=11°5 mm. The thumb-like spine- 
let is present in the adambulacral armature. The thumb is also present in a specimen 
from Banka Straits preserved in the Stockholm collection. 

I have likewise seen the type of Mébius’s Stellaster sulcatus. It is unquestionably 
the same species. The two specimens are rather small, R=35 and 36 mm., with 
r=12 mm., in the example measured by me. This observer has noted? the peculiar 
bordering of spinelets on the marginal and actinal intermediate plates, also the granulate 
covering of these plates and the general character of the paxille. 

An example preserved in Copenhagen, which I have also studied, has been carefully 
described by Liitken,” who at the same time pointed out that Stellaster sulcatus, Mobius, 
was synonymous with Archaster hesperus. 

In the specimen at Leyden, seen by Miiller and Troschel, I find that the thumb-lke 
spine on the adambulacral plates is not so largely developed or so prominent as it some- 
times is, nevertheless it is present. The locality of this example is unknown ; it is simply 
stated in the System der Asteriden to have been collected by von Siebold. 


Genus Leptoptychaster, Smith. 


Leptychaster, Smith, Ann. and Mag. Nat. Hist., 1876, ser. 4, vol. xvii. p. 110. 
Leptoptychaster, Smith, Phil. Trans., Zool. Kerguelen Island, 1879, vol. clxviii. p. 278. 

The type of this well-marked genus was obtained off the island of Kerguelen during 
the sojourn of the British Expedition to observe the transit of Venus in 1875. The 
collection of Starfishes was described by Mr. E. A. Smith, who clearly diagnosed the pre- 
sent genus; and gave a figure of the species for the reception of which it was established. 


' Neue Seesterne des Hamburger und Kieler Museums, 1859, p. 11, Taf. iv. figs. 1 and 2 (Avhandl. a. d 
Gebiete Naturw. hrsg. v. d. naturwiss. Verein, Hamburg, Bd. iv. Abth. 2, 1860). 


) 


2 Videnskab. Medd. naturh. Foren. i Kjgbenhavn, 1864 (1865), p. 136. 
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From Mr. Smith’s account we learn that the same form had been collected at Ker- 
euelen by the Antarctic Expedition of 1840, but that the species had remained unnoticed 
and undescribed until worked out by him. Several specimens were obtained by the 
Challenger Expedition from the same locality. 

I have referred to this genus the North-Atlantic form described by Sars under the 
name of Astropecten arcticus, which has since been erroneously relegated to the genus 
Archaster. 


Chorology of the Genus Leptoptychaster. 


a. Geographical distribution :— 
ATLANTIC: One species between the parallels of 35° and 75° N. 
Leptoptychaster arcticus off the North Cape, the coast of Norway, 
and off the eastern coast of North America. 
SourHERN Ocean : Two species between the parallels of 40° and 50° 8. 
Leptoptychaster kerguelenensis off Kerguelen Island and Marion 
Island. Leptoptychaster antarcticus between Marion Island and Ker- 
-guelen Island. 

B. Bathymetrical range: 10 fathoms to 1350 fathoms. 

Greatest range of one species: Leptoptychaster arcticus, 20 fathoms to 690 
fathoms; and the American variety of the same species, Leptoptychaster arc- 
ticus, var. elongata, extends to 1350 fathoms. 

y. Nature of the Sea-bottom: Leptoptychaster arcticus is found, at least in the Euro- 
pean area, on clay, sometimes sandy, The American variety, Leptoptychaster 
arcticus, var. elongata, occurs on gravel and stones, and an example from 1350 
fathoms on blue mud. Leptoptychaster antarcticus, on hard ground (gravel, 
shells). Leptoptychaster kerquelenensis on voleanic mud, 


Chorological Synopsis of the Species. 


Ocean. | Range in Fathoms. | Nature of the Sea-bottom. 
Leptoptychaster arcticus : | Atlantic. 20 to 690! Clay, sometimes sandy. 
Leptoptychaster arcticus, var. : | gr . | { Gravel, stones (85 fathoms). 
elongata . . : AMMO Ee ee 1 Blue mud (1350 fathoms. ) 
Leptoptychaster antarcticus . | Southern Ocean. 210 Hard ground (gravel, shells). | 
Leptoptychaster kerquelenensis Southern Ocean. 10 to 100 Volcanic mud. 


| 
| 


1 This depth is recorded by Sir Wyville Thomson for Leptoptychaster arcticus, west of Ushant (Depths of 
the Sea), but I have not seen a specimen. Verrill states that this species was dredged by the “ Albatross” in 
1883 in 547 fathoms (Report of Commissioner of Fish and Fisheries for 1883, Washington, 1885, p. 542). 
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1. Leptoptychaster kerguelenensis, Smith (Pl. XXXL. figs. 1 and 2; Pl. XXXII. figs. 1 


and 2). 


Leptychaster kerguelenensis, Smith, 1876 (February), Ann. and Mag. Nat. Hist., ser. 4, vol. xvii. 
reo: 
aes excavatus, Wyville Thomson, 1876 (December), Journ. Linn. Soc. Lond. (Zool.), vol. xiii. 
p. 71, fig. 10 (woodcut). 
Leptoptychaster kerguelenensis, Smith, 1879, Phil. Trans., Zool. Kerguelen Island, vol. elxviii. p. 278, 
pl. xvii. fig. 2. 

Rays five. R=66 mm.; r=13'5 mm. Breadth of a ray near the base (at the fifth 
infero-marginal plate), 13 mm. 

Rays moderately elongate, usually of a depressed subcylindrical form, rather thick at 
the base, tapering to a somewhat abruptly pointed extremity. Interbrachial ares wide, 
with a tendency to become faintly angular. Abactinal area normally subdepressed, but 
capable of a slight amount of inflation over the disk and also along the rays; when in- 
flated, more or less clearly defined channel-like depressions are formed along the median 
interradial lines. Actinal surface subplane or slightly convex, passing into the curvature 
of the margin. Lateral walls rather tumid and well-rounded. 

The abactinal surface of the disk and rays is covered with large, closely crowded 
paxille, consisting of six to nine small subclavate spinelets on the area of the tabulum, 
surrounded by an outer series of similar but more delicate spinelets, and sometimes with 
a few additional ones at a still lower level, the whole borne on an elongate delicate 
pedicle. ‘Towards the centre of the disk, along the median line of the rays, and at the 
extremity, the paxillee diminish in size, and they are largest in the region of the inter- 
brachial ares and at the base of the rays. 

The supero-marginal plates, which are quite inconspicuous and more or less aborted, 
bear a paxilla scarcely distinguishable from those on the abactinal surface generally. 

The infero-marginal plates are sixty-five to seventy in number, counting from the 
median interradial line to the extremity. They are very short, measuring little more 
than 1 mm. in the direction of the axis of the ray, but their transverse dimension is pro- 
portionally great, the breadth and height combined being four or five times the length. 
They are well rounded at the margin which unites the lateral wall and the actinal surface, 
and form a broad border to the actinal surface in the interbrachial are and on the inner 
part of the ray, but which diminishes in breadth on the outer part of the ray, where the 
posture of the infero-marginal plates becomes more vertical in the lateral wall. A high, 
narrow, ridge-like keel traverses the median line of a plate, which is covered with a great 
number of small, robust, uniform, skin-covered, subelavate or papilliform spinelets. The 
shortest and thickest are on the ridge of the keel, whilst the sides of the intervening 
channels are crowded with slightly longer, but very much more delicate, cilia-like 
spinelets. 


The adambulacral plates are very small and widely spaced, consecutive plates being 
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united by broad ligamentous bands. ‘Their armature consists of about seven spines 
arranged in pairs one behind the other, forming a biserial group transverse to the furrow. 
The innermost spine advances prominently into the furrow, its base being conformable 
with the angular projection of the plate, and those of the inner pair or triplet, as the case 
may be, are slightly longest, the others diminishing as they recede from the furrow. 
Sometimes on the outer edge of the adambulacral plate there may be a lineal series parallel 
to the furrow of two or three small papilliform spinelets in addition to the spinelets 
above noticed, but it is always difficult to distinguish these from the armature of the 
small intermediate plates, which intervene between the marginal and adambulacral 
plates along a great part of the ray. It may be remarked that the armature of the 
adambulacral plates simulates in a most striking manner the character of that occurring 
in Cribrella. 

The mouth-plates, which are small and comparatively inconspicuous, form sharply 
pointed mouth-angles. They bear on their free margin a series of spines similar to, and 
at the inner end as long as, those on the adambulacral plates, and along the actinal surface 
of the plate a lineal series of smaller spinelets running parallel to the median suture, all 
diminishing in length as they recede from the mouth. 

The actinal interradial areas, though rather small, are well defined on the actinal area 
of the disk, and extend as a narrow strip far along each ray ; in large examples they may 
be traced fully along the inner half of the ray and sometimes further. On the actinal area 
of the disk a row of three or four intermediate plates may be counted between the mouth- 
plates and the marginal plates on each side of the median interradial line, but these outer 
series of plates soon disappear. All the plates on the disk-area bear groups of small 
spinelets, simulating paxille, the spinelets being delicate, subclavate, and rather smaller 
than those on the abactinal paxille proper. Along the ray, however, the spinelets on 
the intermediate plates are almost indistinguishable from the spinelets on the adambulacral 
plates. In some specimens the spinelets are much more grouped than in others, and when 
this is the case the plates as indicated by the spinelets appear more distinct and clearly 
defined. 

I have been unable to satisfy myself positively whether this species is proctuchous or 
not. I have, however, certainly detected the presence of a minute pore in some examples 
of Leptoptychaster arcticus, var. elongata, but whether its functions are those of a true 
anus, I am not at present in a position to say. There is no modification of the paxille 
in the central region of the abactinal surface. 

The madreporiform body is hidden from superficial view by paxille. In small 
examples indications of its presence may be detected at about one and a half or two of 
its own diameters distant from the marginal plates. 

The ambulacral tube-feet have a rounded and well-defined terminal knob. 

No pedicellarize of any kind are present. 

(ZOOL, CHALL. EXP.—PaRT LI1.—1888.) 24 
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Colour in alcohol, a bleached yellowish ashy grey, sometimes with a slightly orange or 
brownish shade. 

Variation.—There is considerable variation in the proportions of the length of the 
ray and the diameter of the disk, and also much difference in the breadth of the rays 
near the base. The following dimensions may be compared with those of the figured 
example given above :— 

R=60 mm.; r=16 mm. Breadth at fourth or fifth plate, 16 mm. Marion Island. 

R=38 mm.; r=11 mm. Breadth at fourth or fifth plate, 11 mm. Marion Island. 

R=36 mm.; r=10°25 mm. Breadth at fourth or fifth plate,.8°5 mm. Station 
149. Rays cylindrical. 

R=33 mm.; r=11 mm. Royal Sound, Kerguelen. Disk large. 

R=13'8 mm.; r=5 mm. Marion Island, 50 fathoms. Rays very cylindrical. 

As a rule the larger examples are longer in the ray. 

Young Phase-—The manner in which the young are carried by the parent in this 
species after hatching, has already been described by Sir Wyville Thomson" in a paper 
presented to the Linnean Society. The following * is the account given by him :— 

“The dorsal surface of the body is covered with a tessellated pavement composed of 
capitate paxilli. The heads of the paxilli in close apposition combine to form a mosaic 
with rudely hexagonal facets ; and as they are raised upon somewhat slender shafts whose 
bases, like the plinths of columns, rest upon the soft perisome, arcade-like spaces are left 
between the skin and the upper calcareous pavement. The eggs pass into these spaces 
from the ovarial openings: on bending the perisome and separating the facets, they may 
be seen in numbers among the shafts of the paxilli, There is a continual discharge of 
ova into the passages, so that ecgs and young in different stages of development occupy 
the spaces at once. The young do not escape until at least six ambulacral suckers are 
formed on each arm; they may then be seen pushing their way out by forcing the paxilli 
to the side, and squeezing through the chink between them. While it is extricating itself, 
the oral surface of the young is always above; and the centre of the star with the mouth 
is usually the part which first protrudes; then the arms disengage themselves one after 
another, many of the brood remaining for a time with one or two arms free and the 
others still under the paxilli. When the young have become disengaged, they remain for 
a considerable time attached to the parent by the centre of the dorsal surface. I could 
never satisfy myself by what means this is effected; the attachment is very slight, and 
they are removed by the least touch. In this attached stage, until they entirely free 
themselves, which they do when the number of tentacular feet on each arm has reached 
about twenty, they cluster in the re-entering angles between the arms of the mother, 


1 Journ. Linn. Soc. Lond. (Zool.), 1876, vol. xiii. pp. 55-79. 4 
2 Loe. cit., pp. 71-73. Also Voyage of the Challenger, The Atlantic, London, 1877, vol. ii.“pp. 234-237, 
where the priority of Smith’s name is acknowledge. 
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spreading a little way along the arms and on the dorsal surface of the disk; the young 
escape from the marsupium chiefly in the neighbourhood of the angles between the 
rays.” 

“ We took Archaster excavatus only on that one occasion; and the weather was so 
boisterous at the time that it was impossible to trace the early stages in the development 
of the embryo. It is evident that the process generally resembles that described by Pro- 
fessor Sars in Pteraster militaris; and it is quite possible that, while there is certainly 
not the least approach to the formation of a locomotive bipinnaria, as in that species some 
provisional organs may exist [at] an early period.” 

The specimen upon which these observations were made has been figured in PI. 
XXXI., a number of young in different stages of development are admirably preserved 
in situ, and may be seen protruding from amongst the paxille in the interbrachial 
regions. As noticed by Sir Wyville Thomson, it is in all cases the actinal surface which 
is first presented, and even whilst the young starfish is still resting entirely within the 
arcade-like spaces amongst the paxille and before any protrusion of the rays takes place, 
this appears to be the normal posture, 7.¢., the actinal surface uppermost. 

From the remarks above quoted it would appear that Sir Wyville Thomson was under 
the impression that the young were even at this stage actually attached to the parent by 
the centre of the abactinal surface, although he was unable to satisfy himself by what means 
this was effected. Like him I have failed to detect any organic or membranous connec- 
tion, and I am disposed to think that such did not exist. I make the remark, however, 
with all reserve and caution, for it would obviously be bold to dogmatise on the former 
existence of such a delicate connection, of which no trace remains after the specimen has 
been preserved in spirits for so long a time. I may further remark that not the slightest 
trace of any extension or projection of any of the larval tissues can be detected on the 
dorsum of a young individual of about 3 mm. in diameter, which I have reduced to serial 
sections, The pavxille of the abactinal surface are fully formed, and the epidermal or 
dorsal membrane, which covers the plates from which the paxillz spring, is continuous. 
The mouth also is fully formed, and the esophageal portion of the alimentary tract is 
capable of considerable protrusion. 

The form of the young individual is remarkable. The height is nearly as great as the 
total diameter ; the abactinal surface forms a subplane area excepting the slight round- 
ing or convexity along the median radial lines, whilst the actinal surface is prominently 
convex, with the mouth at the summit of the curvature, which slopes thence at a rapid 
angle of declivity to the extremity of the rays. 

The largest young one carried by the starfish under notice measures about R=3°5 
mm., and has ten or eleven pairs of tube-feet in each ray. There are four or five spine- 
lets on each adambulacral plate, one prominent into the furrow, the others forming oblique 
pairs behind it, though some may stand singly. The transverse disposition of the groups 
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upon the plates is already clearly presented. The terminal knobs of the tube-feet are 
large and well-developed. I have not been able to detect an anal pore. 

The smallest young one which has protruded itself sufficiently to be measured is about 
R=1:5 mm. Larve of different stages of growth are still to be seen protruding in each 
interbrachial are, as many as seven in one case, and from the appearance of the paxille 
several have probably dropped off since death. 

I have succeeded in finding young forms beneath the paxillee in other examples of 
Leptoptychaster kergquelenensis besides the one mentioned by Sir Wyville Thomson, but 
in no case so conspicuously as in this. 

Localities.—Station 149. Off Cape Maclear, on the south-east coast of Kerguelen. 
January 21,1874. Lat. 49° 37/0” S.; long. 70° 16’ 0” BK. Depth 30 fathoms. 

Stations 1498 and p Royal Sound, Kerguelen. Depth 25 and 28 fathoms. 

Betsy Cove, Kerguelen. Depth 15 to 25 fathoms. 

Other stations off Kerguelen in depths of 10 to 50 and 100 fathoms. 

Off Marion Island. Depth 50 fathoms. 

The bottom ‘deposit at all the Stations in the neighbourhood of Kerguelen is a 
greenish volcanic mud. 

Remarks.—This species is readily distinguished both from Leptoptychaster arcticus and 
Leptoptychaster antarcticus by the smaller disk and the longer rays, which are more sub- 
cylindrical in character, by the smaller actinal interradial areas, by the larger abactinal 
paxillz, and by the peculiar arrangement of the adambulacral armature simulating that 
of Cribrella. 

From the remark made by Sir Wyville Thomson, when first recording this species 
under the name of Archaster excavatus,’ wherein he states that it is not far removed 
from Archaster andromeda (now named Psilaster andromeda) of the Northern Seas, 
it would appear probable that he was confounding along with the present species Bathy- 
biaster loripes which was also taken, and in more considerable numbers than Leptopty- 
chaster kerguelenensis, at Kerguelen. At first sight I was myself tempted to fall into the 
same error. On closer examination, however, the two forms are found to be widely 
different. Bathybiaster is readily distinguished by the well-developed supero-marginal 
plates, by the peculiar sacculate character of the whole actinal spinulation, by thé in- 
cipient pedicellarix, and by the totally different form and disposition of the adambulacral 
armature. The mouth-plate armature is different, and the general form of Bathybiaster 
is likewise different. 

The figure given by Mr Edgar A. Smith? does not appear to me to be a particularly 
happy representation of the facies of this species; but his type was probably not in a 
good state of preservation. 


1 Journ. Linn. Soc. Lond. (Zool.) 1876, vol. xvii. p. 71. 
? Phil. Trans., Zool. Kerguelen Island, 1879, vol. elxviii. pl. xvii. fig. 2.3 
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2. Leptoptychaster arcticus, Sars, sp. 

Astropecten arcticus, Sars, 1851, Reise i Lofoten og Finmarken, Nyt Mag. f. Naturvidensk., Bd. vi. 
p- 161; Fauna Litt. Norvegie, 1856, Heft 2, p. 61, pl. ix. figs. 16-18; Oversigt af Norges Echino- 
dermer, 1861, p. 32. 

Astropecten Liitkeni, Barrett, 1857, Ann. and Mag. Nat. Hist., ser. 2, vol. xx. p. 46, pl. iv. fig. 3, a, 0, ¢. 

Archaster arcticus, Perrier, 1878, Nouv. Archives Mus. Hist. Nat., 2e Sér., t. i, pp. 32, 88. (Also 
Verrill, and Storm). 

Localities. —“ Porcupine ” Expedition : 

Station 65 (1869). Between the Shetland and the Faerée Islands. Lat. 61° 10’ N., 
long. 2° 21’ W. Depth 345 fathoms. Bottom temperature —1°1 C.; surface tempera- 
ture, 11°°1 C. 

Station 82 (1869). In the Faerée Channel. Lat. 60° 0’ N., long. 5° 18’ W. Depth 
312 fathoms. Bottom temperature 5°-2 C.; surface temperature 11°:2 C. 

Station 3 (1870). West of Ushant. Lat. 48° 31’ N., long. 10° 3’ W. Depth 690 
fathoms. 

Remarks.—This form was originally described as an Astropecten. Some subsequent 
writers have retained it in that genus, whilst others have regarded it as an Archaster. I 
am unable to agree with either of these determinations. After careful study I consider that 
its structure accords in all points of generic import with the genus Leptoptychaster estab- 
lished by Mr Smith for the foregoing form from the Southern Ocean, and I have therefore 
referred the species under notice to that genus. It is readily characterised by the aborted 
supero-marginal plates, the short but broad infero-marginals (both alike unarmed), the 
well-developed actinal interradial areas, the character of the paxille, and likewise that 
of the armature of the adambulacral plates. Finally, the species has more or less well- 
developed superambulacral plates ; the whole forming a combination of characters which 
accords neither with Archaster nor Astropecten. 


2a. Leptoptychaster wrcticus, var. elongata, nov. 


The American examples of this species, of which a large series was taken at Station 49, 
are all distinctly longer in the ray, and have the paxill of the abactinal area some- 
what more delicate and less compact in character than in the European forms, although 
even in these some variation occurs. It would, however, be an easy matter to say which 
were the American examples out of a large number of mixed specimens, and on these 
grounds I consider that we are dealing with a well-marked variety. 

Localities.—Station 46. Off the coast of North America, east of New Jersey and 
Long Island. May 6, 1873. Lat. 40° 17’ 0” N., long. 66° 48’ 0” W. Depth 1350 
fathoms. Blue mud. Bottom temperature 37°:2 Fahr.; surface temperature 40°:0 Fahr. 


1 Recorded by Sir Wyville Thomson in The Depths of the Sea; but I have not seen a specimen from this 
locality. 


190 THE VOYAGE OF H.M.S. CHALLENGER. 


Station 49. South of Halifax, Nova Scotia. May 20, 1873. Lat. 43° 3’ 0” N., long. 
63° 39/0” W. Depth 85 fathoms. Gravel, stones. Bottom temperature 35°-0 Fahr. ; 
surface temperature 40°°5 Fahr. 


3. Leptoptychaster antarcticus, n. sp. (Pl. XXXI. figs. 3 and 4; Pl XXXII. figs. 7 
and 8). 


Rays five. R=15mm,r=6mm. R=25r, Breadth of a ray between the fourth 
and fifth marginal plates, 5 mm. 

Disk large and inflated ; rays short, broad at the base and thence tapering gradually 
to a sharply pointed extremity. Interbrachial ares wide and subparaboloid in outline. 
Abactinal surface of the disk convex and subject’ to more or less inflation; that of the 
rays subcarinate, with the character strongly marked at the extremity, but towards the 
disk gradually merging into the general tumidity, the inflation being sometimes empha- 
sised in spirit specimens by the presence of a slight depression along the median inter- 
radial line, probably consequent on the posture of the rays at death. Actinal surface 
plane. Lateral margin thin and rounded. 

The abactinal surface of the disk and rays is covered with very small and rather widely 
spaced paxille, consisting of twelve to fifteen or more extremely fine, short, delicate 
spinelets disposed ii a little tuft, but radiating more or less apart. No definite order of 
arrangement is discernible in the paxillee. 

The marginal plates are small and short. The superior series are very small; and 
have the appearance of being enlarged paxille rather than true marginal plates. They 
are confined entirely to the margin and the abactinal side ; and not infrequently the edge 
of the infero-marginal plates is also just visible when the animal is viewed from above. 
They bear a tuft of spinelets similar to, but slightly larger than, those on the true paxillas, 
and these are arranged on a well-developed eminence. They are devoid of any large 
spmes whatever. 

The infero-marginal plates are twenty-one in number, counting from the median inter- 
radial line to the extremity, and their breadth on the inner part of the ray is four or five 
times the length or even more, but diminishes as they proceed along the ray. They are 
well rounded at the margin and form a broad border to the actinal surface; their posture 
being very oblique in relation to the median radial line. Along the median line of each 
plate, that is to say, traversing its greatest dimension, is a high, narrow keel, which bears 
"a covering of small, delicate, uniform spinelets, slightly larger than those on the supero- 
marginal plates and abactinal paxille ; these are directed outwards and over the interven- 
ing channels between the keels. 

The adambulacral plates are small, with the length and breadth nearly equal. They 
bear an armature closely resembling that found in some species of Astropecten, which con- 
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sists of a marginal series of three delicate, rather long, subequal spinelets, the margin of 
the plate forming a slightly angular projection into the furrow, and the middle spine is 
placed on the summit of the angle. External to these on the surface of the plate are 
usually two (sometimes three) subequal and rather shorter spines, which may form with 
the adoral spinelet of the marginal series an obliquely transverse lineal series, or may 
stand directly behind each of the outside spinelets; and behind these is a third series 
of about three short spinelets parallel to the furrow. The second and third series are not, 
however, always regular in their number and posture, and additional spinelets may be 
present ; furthermore, the whole of these spines are so closely placed that the armature 
has generally more or less of a tufted or grouped appearance, which makes it usually difii- 
cult to define the true order of their disposition. 

The mouth-plates are elongate and narrow. Their armature consists of a marginal 
series of twelve to fifteen small spinelets similar and equal in length to, but slightly more 
robust than, the spinelets of the adambulacral armature, on the inner part of the plate, 
but diminishing slightly as they recede from the mouth. On the actinal surface of the 
- plate is a lineal series of uniform spinelets running parallel to the median suture. 

The actinal interradial areas are large and extend nearly half-way along the ray, that 
is, as far as the ninth or tenth free adambulacral plate. They are occupied by intermediate 
plates bearing large well-defined, well-spaced paxille, which form transverse series 
between the adambulacral and marginal plates. The paxillee are composed of delicate, 
rather elongate spinelets, a little smaller than those borne on the adambulacral plates but 
larger than those on the infero-marginal plates. The spinelets radiate at an angle of about 
45° or more to the perpendicular and form an expanded crown. The column or pedicle 
of the paxillee is not cylindrical but more or less flattened and elongate in the direction 
obliquely transverse to the median line of the ray. 

There is no modification in the central region of the disk, and I have been unable to 
detect the presence of an anal aperture. In one example there is, at a considerable dis- 
tance from the centre, what seems to me a deceptive appearance of a pore, but from its 
position and character I do not consider it to be an anal orifice. Even if it should ulti- 
mately prove to be a pore, I should not suspect from its general appearance that its 
function was anal. It may perhaps be a malformed or altered papular orifice, or it may 
be accidental. 

The madreporiform body is small and placed near the margin, being less than its own 
diameter distant from the supero-marginal plates. In smaller specimens it appears to be 
rather further away. ‘The striations are comparatively coarse, and several radiate as 
straight lines from the centre to the margin of the body, the intermediate striation being 
likewise often straight and short, resembling to a certain degree the septa of a coral. 

The ambulacral tube-feet, though tapering, have a small rounded terminal knob. 

I have failed to detect any pedicellariz whatever. 
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Colour in alcohol, a dirty ashy or brownish grey. 

Locality.—Station 148. Between Marion Island and Kerguelen Island. January 38, 
1874. Lat. 46° 47'0”S., long. 51° 37/0” E. Depth 210 fathoms. Hard ground (gravel, 
shells). Surface temperature 41°°0 Fahr. 

Remarks.—This form is unquestionably the southern representative of Leptopty- 
chaster arcticus, Sars, sp. of the North Atlantic, to which it is structurally nearly 
related. It is distinguished by the comparatively larger disk and shorter rays, the latter 
being also broader at the base and more sharply pointed at the extremity. The supero- 
marginal plates are relatively smaller or more aborted, the paxille of the abactinal area 
are smaller and less compact, and the adambulacral armature is usually more compact 
and grouped in its disposition. Leptoptychaster kerguelenensis, Smith, is distinguished 
by the longer and more cylindrically rounded rays, by the larger and more compact 
paxille of the abactinal surface, by the smaller actinal interradial areas, and, above all, 
by the characteristic adambulacral armature, almost recalling that of Cribredla in its 
character. 

It is interesting to note that Leptoptychaster antarcticus is more nearly related to 
the distant Arctic form than to the comparatively neighbouring species Leptoptychaster 
kerguelenensis ; perhaps a more extended series of specimens than we possess at present 
might lead to Leptoptychaster antarcticus being ranked as a variety only of the northern 
form. At present I do not feel justified in taking that step. 


Genus Movraster, n. gen. 


Disk large. Rays rather elongate, broad at the base and tapering to the extremity. 

Marginal plates of both series with well-developed ridges, separated by deep fasciolar 
channels. Infero-marginal plates with large flattened spatulate spinelets, chisel-shaped or 
square-cut at the tip. No prominent large spines on either series. 

Abactinal area with paxille borne on stellate plates, without internal imbricating 
ridges. Paxillae with long pedicles, and erect compact crowns of short inbending spinelets. 
No definite medio-radial series. 

Actinal interradial areas large, with numerous intermediate plates arranged in regular 
transverse columns, each plate imbricating on its neighbour in its own column. The 
intermediate plates extend along fully two-thirds of the ray, and all bear stout, flattened, 
spatulate spinelets. 

Armature of the adambulacral plates more or less regularly triserial, simulating that 
of Astropecten. A series of usually three spines form a triangle on the furrow margin, 
and are followed by two outer series of two or three stout chisel-shaped spines, similar to 
those on the actinal intermediate plates. 

Strongly developed superambulacral plates are present. 


REPORT ON THE ASTEROIDEA, 193 


Madreporiform body large, a little more than its own diameter distant from the 
margin. 

Remarks.—The genus Moiraster is established for the reception of a well-characterised 
form described by Professor Jeffrey Bell’ under the name of Archaster magnificus, the 
types of which are in the British Museum. 

Through the kindness of Professor Bell I have had every facility for examining this 
interesting starfish. Judging from the superficial examination of the dried examples I 
consider that the character of the abactinal plating, the form of the marginal plates, the 
extensive development of the interradial areas, the character of the intermediate plates, 
and the presence of the strongly-developed superambulacral plates of Archaster magnificus 
necessitate its separation from Archaster as now defined. I have also great doubts as to 
the presence of an anal orifice. I regard the form as the type of a distinct genus, for 
which, at the request of my friend, I have proposed a name, in order that it might be 
placed in the foregoing synopsis. The natural position of Moiraster appears to be inter- 
mediate between Leptoptychaster and Astropecten. 

Supplementary to the excellent specific description given by Professor Bell, I have 
added the preceding notes ‘on the characters which may be taken as diagnostic of the 
genus. 


1. Moiraster magnificus, Bell, sp. 
Archaster magnificus, Bell, 1881, Ann. and Mag. Nat. Hist., ser. 5, vol. viii. p. 440. 


Locality.—St Helena. Collected by Mr J. C. Melliss. 
No example of this form was obtained by the Challenger Expedition, 


Genus Astropecten, Linck. 


Astropecten, Linck, De Stellis marinis, 1733, p. 26. 

Stellaria, Nardo, De Asteriis, Oken’s Isis, 1834, p. 716. 

Asterias, Agassiz, Mém. Soe. Sci. Nat. Neuchatel, 1835, t. i. p. 168. 
Crenaster, @’Orbigny, Prodrome de Paléontologie, 1850, t. i. p. 240. 


This genus is world-wide in its distribution, but confined to the temperate and tro- 
pical regions. Nearly all the species inhabit. shallow water, and, with the exception of 
three, are confined to the Littoral zone. 

The number of species is large, and the morphological plasticity of the genus consider- 
able, as might naturally be expected in a type extended over such a wide area; the 
species maintaining, however, the type facies in a remarkable manner, 


1 Ann. and Mag. Nat. Hist., 1881, ser. 5, vol. viii. p. 440, 
(ZOOL, CHALL, EXP.—PART LI,—1888.) \ 95 
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The general distribution of all the recognised species of which the locality is known is, 
given under the section on the chorology of the genus. 

A number of forms which are structurally different have been at various times referred 
to the genus Astropecten, but it is unnecessary to recapitulate here the list of the erroneous 
references corrected by previous workers. The grounds for the removal of those forms 
with which the present Report is concerned will be found discussed in their proper 


place. 
The following scheme will assist in showing the relative characters of the species 


obtained by the Challenger Expedition. 


Synopsis of the Species included in the Genus Astropecten herein described. 


A. With two series of definite spines on the supero-marginal plates. 
a. Three lateral spines. Adambulacral armature with three spines in the furrow 
series, and three also in the second series, the aboral largest . : B brasiliensis. 
b. One lateral spine. Adambulacral armature with four or five spines in the 
furrow series; the actinal surface of the plate occupied by a group of 
papilliform and equal-sized spinelets . : : ° : . brevispinus. 
B. With one series of definite spines on the supero-marginal Pintes 
a. With large, prominent spines on the supero-marginal plates. 
a. With large, well-developed spines on the infero-marginal plates. No 
naked spaces : 5 < : . ¢ . polyacanthus. 
b. With small spines on the supero- saan rlaten 
a, The series of supero-marginal spines continuous throughout the ray. 
«. Lateral spines four, in an oblique comb. Adambulacral 
armature in three series, with three spines in each pectinatus, 
&. One lateral spine, long and cylindrical, with two small com- 
panions close behind. Adambulacral armature with 
the spines of the second and third series frequently 
grouped, normally three in each. A spine on the 


infero-marginal plate near the adambulacral plates . acanthifer. 
b. The series of supero-marginal spines not continuous throughout the 
ray. 


a. Wanting in the interbrachial are. 
i. One lateral spine. Adambulacral armature in three 
series . 4 5 : 5 . japonicus, 
§. Wanting on the outer half of the ray, but continuous in the 
interbrachial are. 
i. Three lateral spines. Adambulacral armature in two 
series . : : . ° . . ° imbellis. 
C. With only an indefinite spinelet, or several Saige granules, on the supero- 
marginal plates, 
a. One lateral spine. 
a, Adambulacral armature with usually two spines in the second series, 
.very broad and flaring. No aboral line of spinelets on the 
infero-marginal plates. Actinal spinulation chisel-shaped and 
truncate. Lateral spines much flattened : 5 ° hermatophilus. 
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b, Adambulacral armature with three spines in the second series. 
With an aboral line of spinelets on the infero-marginal plates. 
Actinal spinulation spatulate, obtusely rounded or pointed. 
Lateral spines cylindrical or slightly flattened : : P trregularis. } 
b. Four or five lateral spines in diagonal line. Outer spines of the adambulacra 
armature short, not broad nor flaring, placed diagonally. An aboral 
line of spinelets on the infero-marginal plates , : : - é pontoporeus. 
D. With no spinelets on the supero-marginal plates, excepting in some species a very 
small one on the first or first four or five plates in the interbrachial arc. 
a, With small spinelets on the first four or five plates. 
a, With four or five spinelets, A well-developed series of pseudo- 
pedicellarize . r . - . ° : F F é zebra. 
6, With one spine only, on the first plate. No pedicellaria . r velitaris. 
b. With no spines whatever on the supero-marginal plates, 
a, One lateral spine. 
a, With two or three spines in the second series of the adam- 
bulacral armature. 
i. Supero-marginal plates broad, with small granules, 
Paxille with five to eight granules (or spine- 
lets) on the central tabulum . 3 4 . granulatus 
ii, Supero-marginal plates narrow, with large granules. 
Paxille with one granule on the central 
tabulum , . : : 3 : A monacanthus. 
6. Lateral spines two, side by side. Infero-marginal plates covered 
with squamules. An aboral line of spinelets present. Lateral 
spines taper and pointed. Supero-marginal plates very broad . cingulatus. 
ce. Lateral spines four, in an oblique line. Spines of the adambulacral 
armature all cylindrical and taper. Infero-marginal plates with 
papilliform spinelets rather than squamules. No aboral line of 
spinelets, Supero-marginal plates not very broad , - . mesactus. 


Chorology of the Genus Astropecten. 


a, Geographical distribution :— 


ATLANTIC : Twenty-two species between the parallels of 70° N. and 40° 8. 

On the eastern side: Astropecten irregularis, off the coasts of 
Scandinavia and Britain; and in the Mediterranean (fide Marion). 
Astropecten serratus, off the west coast of France (this species is also 
reputed to be a Mediterranean form, but its claim to be so considered 
appears to be doubtful). Astropecten awrantiacus, Astropecten bispi- 
nosus, Astropecten jonstoni (= Astropecten squamatus, M. and '.), 
Astropecten pentacanthus, Astropecten platyacanthus, and Astro- 
pecten sprnulosus, in the Mediterranean. Astropecten aurantiacus also 
extends to the Canary Islands. *Astropecten hermatophilus, off the 
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Azores. Astropecten schenleinit, off the west coast of Africa. *Astro- 
pecten mesactus, off Tristan da Cunha. Astropecten capensis and 
Astropecten pontoporexus, off the Cape of Good Hope. 

On the western side: Astropecten vestita, off the eastern coast of 
the United States. Astropecten articulatus, from New Jersey to 
the West Indies (fide A. Agassiz).  Astropecten alligator and Astro- 
pecten duplicatus, off Florida, the latter extending to Mexico, the 
Antilles, and Brazil. Astropecten ciliatus, off the coast of Venezuela. 
Astropecten richardt, off French Guiana. Astropecten antillensis and 
* Astropecten brasiliensis, off the Antilles, the latter extending to 
Brazil, as far south as Rio de Janeiro. *Astropecten cingulatus, off 
the coast of Brazil, south-east of Pernambuco. 


InprAN AND SouTHERN OcEANS: Six species between the parallels of 30° N. 
and 40° S. 


EASTERN 


PacirFic: 


Astropecten hemprichi and Astropecten polyacanthus, in the 
Red Sea and off Mauritius, the latter species extending to Ceylon, 
Japan, Admiralty Islands, Australia, and New Zealand. Astropecten 
mauritianus, from Mauritius. Astropecten petalodea (= Astropecten 
euryacanthus, Ltk.), from the Nicobar Islands. Astropecten preissir 
and Astropecten triseriatus, off South-West Australia. 


ARCHIPELAGO: Hight species between the parallels of 20° N. and 20° S. 

Astropecten javanicus and Astropecten longispinus, from Java. 
*Astropecten imbellis and *Astropecten monacanthus, off the Philip- 
pine Islands. *Astropecten zebra, from Torres Strait. *Astropecten 
acanthifer, in the Banda Sea. *Astropecten granulatus, in the Ara- 
fura Sea. *Astropecten velitaris, off Amboina, and extending to the 


Admiralty Islands and China. 


Thirteen species between the parallels of 40° N. and 40° S. 

On the western side: *Astropecten brevispinus, *Astropecten 
japonicus, Astropecten scoparius, Astropecten formosus, and *Astro- 
pecten polyacanthus, from Japan, the last species extending to 
China, the Fiji Islands, Admiralty Islands, Australia, and New Zealand. 
Astropecten velitaris, off China, and extending to Amboina and the 
Admiralty Islands. Astropecten samoensis, off the island of Samoa. 
*Astropecten pectinatus, off the south-east coast of Australia. Astro- 
pecten edwardsi, off New Zealand. 

On the eastern side: Astropecten regalis, extending from Mexico 
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nearly to Panama. Astropecten erinaceus, from California to Peru. 
Astropecten fragilis, from Panama to Peru. Astropecten perwvianus, 


off Peru. 


The species dredged during the Challenger Expedition are marked in the foregoing list 
with an asterisk. 


8. Bathymetrical range: Shallow water to 450 fathoms. 

The majority of the species are confined to the Littoral zone; and none 
extend into the Abyssal zone. Only three forms are found in the Continental 
zone (v.¢., in depths between 150 and 450 to 500 fathoms), viz., Astropecten 
brevispinus in 345 fathoms, Astropecten hermatophilus in 450 fathoms, and 
Astropecten irregularis in 375 fathoms. 

Greatest range of one species: Astropecten irregularis, from shallow water 
to 375 fathoms. 


y. Nature of the Sea-bottom: Exact particulars of the nature of the habitat of the 
Littoral species are available in very few instances. Of the forms obtained by 
the Challenger, Astropecten acanthifer and Astropecten japonicus were found 
on Blue mud, the latter also on sand. Astropecten brevispinus, Astropecten 
granulatus, and <Astropecten imbellis were found on Green mud, in depths 
between 28 fathoms and 345 fathoms. Astropecten cingulatus lives on Red 
mud. Astropecten hermatophilus on Voleanic mud in 450 fathoms ; the greatest 
depth at which Astropecten has been found. 


The localities of the following species are unknown, and their names have consequently 
not been included in the foregoing list :-— 


Astropecten alatus, Perrier. Astropecten dussumiert, Perrier. 
Astropecten arenarius (Val.), Perrier. Astropecten hispidus, Miiller and Troschel. 
Astropecten buschii, Miiller and Troschel. ' Astropecten tiedemanni, Miller and Troschel. 


Astropecten calcitrapa, Lamarck, sp. 


The types of the following species appear to be lost, and as it is in my opinion impos- 
sible to identify them, I consider that the names should in future be discarded. To 
endeavour to recognise them is simply an exercise of the imagination. 


Astropecten diplacanthus, Grube. ; Astropecten mesodiscus, Linck. 
Astropecten echinatus major, Linck. Astropecten olfersit, Grube. 
Astropecten echinatus minor, Linck. Astropecten regularis, Linck. 
Astropecten fimbriatus, Linck. Astropecten stellatus, Linck. 


Astropecten gracilis, Gray. 
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Chorological Synopsis of the Species herein described. 


Ocean. Range in Fathoms. Nature of the Sea-bottom. 
Astropecten acanthifer Eastern Archipelago. 140 Blue mud. 
Astropecten brasiliensis Atlantic. 7 to 20 Shallow water. 
Astropecten brevispinus Pacific. 345 Green mud. 
Astropecten cingulatus Atlantic. 32 to 4001 Red mud. 
Astropecten granulatus : Eastern Archipelago. 28 Green mud. 
Astropecten hermatophilus . Atlantic. 450 Voleanie mud. 
Astropecten imbellis Eastern Archipelago. 100 Green mud. 
Astropecten trregularis Atlantic. 640 374 | suse 
Astropecten japonicus Pacific. 5 to 50 cae ices ES 
Astropecten mesactus Atlantic. OO ied | e-5-. 
Astropecten monacanthus Eastern Archipelago. 20 Mud. 
Astropecten pectinatus Pacific. 6 to 40 Sand and shells. 
Astropecten polyacanthus Pacific. QitorDOM |e ees 
Astropecten pontoporeus Atlantic. 5 to 20 Shallow water. 
Astropecten velitaris . : Eastern Archipelago. LOntOR2DI yn eeeees 
Astropecten zebra : ‘ Eastern Archipelago. 8 Coral mud. 
Astropecten zebra, var. rosea Eastern Archipelago. 6 Coral mud. 


1. Astropecten brasiliensis, Miiller and Troschel. 
Astropecten brasiliensis, Miiller and Troschel, 1842, System der Asteriden, p. 68. 


Localities.—Off Bahia. Depth 7 to 20 fathoms. 

Off Fernando Noronha. Shallow water. 

Remarks.—The examples from Fernando Noronha, when compared with similar-sized 
specimens from Bahia, have the supero-marginal plates comparatively narrower, and the 
rays also are proportionally rather narrower. In the armature of the adambulacral plates 
the spinelets on the actinal surface of the plates immediately behind the furrow series 
have often the appearance of forming a triple series, in consequence of the prominence of 
the small lateral spinelets which accompany the large spine. These specimens have a very 
prominent and well-defined conical eminence in the central region of the disk. 


2, Astropecten brevispinus, Sladen (Pl. XXXIIT. figs. 1 and 2; Pl. XXXVI. figs. 
1-8). 
Astropecten brevispinus, Sladen, 1883, Journ. Linn. Soc.' Lond. (Zool.), vol. xvii. p. 249. 


Rays five. Breadth of a ray at the base, about 


11 mm, 


R=32mm.; r=10mm. R>3r. 


Rays tapering regularly from the base to the tip, and terminating in a point. Inter- 
brachial arcs slightly rounded. 


1 The exact station and depth at which this form was dredged are not recorded. 
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The paxillee of the abactinal area are small and compact, and composed of six to nine 
spinelets, of which one is central. The spinelets, which are short and robust, are directed 
upward, and their radiation apart is very slight. No definite order ig maintained in the 
arrangement of the paxille. The papul are small, and dark brown or almost black in 
colour ; and a broad space occurs along the median line of the ray in which none are 
present. In the centre of the disk there is a large and conspicuous conical prominence, 
upon and in the neighbourhood of which the“paxille are greatly reduced in size. 

The supero-marginal plates, which are twenty-two in number from the median inter- 
radial line to the extremity, are higher than broad along the inner half of the ray, but 
broader than high on the outer portion. Each plate, excepting two or three in the inter- 
brachial are and a few at the extremity, bears two small, conical, sharply pointed spines. 
The inner series are placed close to the inner edge of the plates, and are continuous from 
the arm-angle until near the tip, decreasing in size as they proceed outward, until they 
disappear altogether. The outer series are slightly larger, and are placed at the extreme 
edge of the plates on the curvature where the abactinal and lateral superficies unite ; they 
are continuous throughout the ray, excepting the innermost plate on each side the median 
interradial line. 

The infero-marginal plates are higher than broad, and flush with the superior series. 
Each plate bears a single lateral spine, which is short, taperin g continuously from base to 
tip, sharply pointed and slightly compressed. On the inner half of the ray, two similar 
and slightly smaller spines are situated on the median line of the plate—one, which is the 
smallest, not far from the inner edge of the plate adjoining the adambulacral plates, and 
the other about midway between this spine and the lateral spine, the three forming a lineal 
series transverse in relation to the direction of the ray. On the outer portion of the ray 
the inner spine is aborted or indistinguishable from the squamules of the plate. When 
the side or lateral wall of the ray is placed in direct view, the above-mentioned spines of 
the infero-marginal plates are all visible, and they, together with the spinelets of the 
supero-marginal plates, appear to form a continuous vertical series. The lateral spine is 
very little, if at all, longer than the outer spine on the supero-marginal plate, and all these 
spines stand at an angle to the superficies of the plate, and are directed upward and out- 
ward. Very short, widely spaced, papilliform’squamules are distributed over the surface 
of the infero-marginal plates, and the granulation of the supero-marginal series partakes 
of the same character, and is indistinguishable at the junction of the plates. 

The armature of the adambulacral plates consists of short, robust, subpapilliform 
spinelets, which do-not taper, and stand more or less perpen dicular to the surface of the 
plate. The furrow series consists of four or five spines, and their base line forms a slight 
angle projecting into the furrow; the middle spinelets are a shade larger and more robust 
than the others. The actinal surface of the plate behind the furrow series is occupied by 
spinelets which are little more than elongate papille ; they’ are small, stumpy, covered 
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with membrane, rather widely spaced, and usually no definite order of arrangement is 
discernible, although about two irregular rows may be traced in some instances. 

The spinelets on the actinal intermediate plates are similar in character and disposition 
to the foregoing, and they merge imperceptibly into the squamules of the infero-marginal 
plates. This uniformity in the dermal appendages imparts a characteristic appearance to 
the actinal aspect of the starfish. 

The mouth-plates are elongate, each with two short, flattened, truncate spinelets at the 
inner extremity, followed by about six pairs of short robust spinelets, which stand per- 
pendicular on the surface of the plate, and form two series apposed to one another ; these 
are succeeded by about four rather broader, shorter, and more robust spinelets, forming a 
single series in continuation, as it were, of the two apposed series, on the outer extremity 
of the plate, towards which the spinelets decrease as they proceed outward. Consequent 
on this method of arrangement there is a marked division of the mouth-plate armature 
into two narrow series separated by the median suture line of each mouth-angle. 

The madreporiform body is small, and situated at about one-third of the distance 
from the margin to the centre of the disk. 

The terminal (ocular) plate, though small, is conspicuous and elongately oblong, 

Colour in alcohol, umber-brown, becoming lighter in shade towards the extremities of 
the rays. The spinelets are white. Small specimens are yellowish white. 

Young Phase.—A small example, which has a major radial measurement of 16°5 mm., 
may readily be distinguished as belonging to the species. It is to be noted, however, that 
the paxilla of the abactinal area have quite a different character, the spinelets of the 
crown being long, and radiating nearly horizontally. The armature of the adambulacral 
plates and mouth-plates is comparatively longer, especially on the latter; and on the 
actinal surface of the adambulacral plates behind the furrow series there are usually one 
or two larger spinelets, thickly invested with membrane, especially noticeable on the inner 
part of the ray, but of which no trace remains in the adult—that is to say, their prominence 
and juvenile robustness are altogether lost. 

Locality—Station 232. Off the coast of Japan, south of Yeddo. May 12, 1875. 
Lat. 35° 11’ 0” N., long. 189° 28’ 0” E. Depth 345 fathoms. Green mud. Bottom 
temperature 41°] Fahr.; surface temperature 64°:2 Fahr. 

Remarks.—Astropecten brevispinus is distinguished from the other species in this 
section of the genus Astropecten by the single lateral spine, by the character of the 
adambulacral armature, and by the character of the paxille. It differs from Astropecten 
antillensis and Astropecten brasiliensis in each of these particulars. It is at once dis- 
tinguished from Astropecten aurantiacus, which has a single lateral spine, by the general 
facies, and by the character of the adambulacral armature ; and from Astropecten erinaceus 


and Astropecten duplicatus by the single lateral spine and the different character of the 
spinulation of the infero-marginal plates. 
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3. Astropecten polyacanthus, Miller and Troschel. 

Astrepecten polyacanthus, Miiller and Troschel, 1842, System der Asteriden, p. 69. 

Astropecten hystrix, Miiller and Troschel, 1842, System der Asteriden, p. 70. 

Astropecten armatus, Miller and Troschel, 1842, System der Asteriden, p. 71. 

Astropecten vappa, Miiller and Troschel, 1843, Archiv f. Naturgesch., Jahrg. ix., Bd. i. p. 119. 

Astropecten chinensis, Grube, 1865, Jahres-Ber. Schles, Gesellsch. f. vaterl, Cultur, p. 36. 

Astropecten ensifer, Grube, 1865, Jahres-Ber. Schles, Gesellsch. f. vaterl. Cultur, p. 36. 
Localities.—Port Jackson, Australia. Depth 2 to 11 fathoms, 6 to 15 fathoms. 
Admiralty Islands. Depth 16 to 25 fathoms. 

Yokohama, Japan. Depth 5 to 25 fathoms. 

Kobé, Japan. Depth 8 to 50 fathoms. 

Hong Kong. Beach. 

Remarks.—The examples from the Admiralty Islands are remarkable for the robust 
ness and size of the large spines on both the supero-marginal and infero-marginal plates. 
This is especially conspicuous in one example in which the lateral spines are unusually 
broad and flattened, the breadth being maintained until near the tip, when it abruptly 
forms a broad lancet-like point. The same example is also noteworthy from the fact that 
each supero-marginal plate is armed with a spine; whereas another dredged at the same 
time follows the usual rule in this species in having the second, or second and third, supero- 
marginal plates on each side of the median interradial line unarmed. ‘These points are 
very interesting, but I scarcely feel justified in giving a name to the variety on the 
strength of the material at command, This course, however, may perhaps be found desir- 
able in the future, when more examples from this locality are available for study. 

There is a small Astropecten also from the Admiralty Islands, which, from having 
been dredged in association with the above-mentioned specimens, might not unreasonably 
be looked upon as the young phase of this species. I consider, however, that it is distinct, 
and should be referred to Astropecten velitaris, von Martens. The example in question, 
which has a major radial measurement of 11 mm., and sixteen supero-marginal plates, 
has only the two innermost plates in each interbrachial arc armed with spines, no trace of 
their presence being found on any of the others. This view is strengthened by the fact that 
in young examples of Astropecten polyacanthus from Port Jackson of even smaller size than 
this, the supero-marginal plates are characteristically and powerfully armed ; and the char- 
acters of the paxille and of the spinulation of the infero-marginal plates are also different. 

The type-specimen of Miiller and Troschel’s Astropecten vappa in the Berlin Museum 
is quite a young form and in bad condition. After the study of the large series of speci- 
mens from Australia, I have no hesitation whatever in regarding the name as a synonym 
of the present species, although the type-specimen could independently be scarcely held 
as available for specific recognition. I have also examined the types of Grube’s Astropecten 
chinensis and Astropecten ensifer in Breslau, and I consider that both of them are with 


little doubt young stages of Astropecten polyacanthus. 
(ZOOL. CHALL. EXP.—PART LI.—1888.) 


to 
for) 
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4, Astropecten pectinatus, Sladen (P]. XXXIII. figs. 3 and 4; Pl. XXXVII. figs. 4-6). 
Astropecten pectinatus, Sladen, 1883, Journ. Linn. Soc. Lond. (Zool.), vol. xvii. p. 251. 


Rays five R=48 mm.; r=14 mm. R>357, Breadth of a ray at the base, 
16°5 mm. 

Rays broad at the base, tapering continuously to the extremity, which is finely 
pointed. Interbrachial arcs subacute or very slightly rounded. 

The paxille of the abactinal area are large and uniform, and are arranged in regular 
transverse lines which extend up to the median line of the ray. The paxillz have a large 
tabular surface on which are placed twelve to fifteen short papilliform spinelets, and the 
periphery is surrounded by about an equal number of similar spinelets. In the centre of 
the disk the paxille are smaller, and are very compactly placed. There is no trace of 
any anal puncture, and no protuberance occurs in the centre of the disk. 

The supero-marginal plates, which are twenty-one in number from the median inter- 
radial line to the extremity, are higher than broad, the disparity being greatest in the inter- 
brachial are and diminishing towards the extremity. When seen abactinally the plates have 
the appearance of being slightly oblique in relation to the direction of the ray, and each, 
excepting the two innermost, is slightly convex or submammillate at the outer angle 
formed by the junction of the abactinal and lateral superficies of the plate, which falls in 
the marginal contour of the ray. On the summit of this convexity is borne a small coni- 
cal spinelet ; and although normally the series of spinelets is continuous throughout the 
ray, a plate occasionally occurs on which the spine is wanting. The two inner supero- 
marginal plates are narrower abactinally than the others, and the spinelets they bear are 
shehtly longer and more robust. 

The infero-marginal plates are broader than high, and do not extend laterally beyond 
the superior series. Each plate bears an oblique comb of four or five lateral spines, their 
line of base forming an angle of about 45° passing from the adoral side to the aboral side 
of the plate. The adoral spine is the smallest and the most outward, and the third from 
the margin the longest, the second is intermediate in size, and the fourth nearly as long 
as the third. A fifth and much smaller spine is situated on the aboral side of the plate a 
little distance from the comb or lateral series; and on the inner portion of the ray one 
or even two similar isolated spines may be present on the aboral side of the plate in lineal 
series, All these spines, as well as the lateral series, are elongate, delicate, cylindrical, 
and taper to a fine point; and the lateral spines are very slightly bent. The whole of the 
surface of the infero-marginal plates is compactly covered with small, flat, roundly tipped 
squamules, uniform and closely placed. 

The armature of the adambulacral plates is arranged in three distinct series, with three 
spinelets in each. The spines of the inner series are of moderate length, the middle one 
being slightly longest, subcylindrical, and slightly tapering, whilst the companion 
spinelets are often slightly flattened. The second series consists of three equal spinelets, 
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which are shorter than the furrow series, and are flat and expanded towards the tip, which 
is roundly truncate. The outer series, likewise of three spines, is similar to the second 
series, the middle spinelet, however, being usually broader and more flaring than its com- 
panions; occasionally there may be an additional small spine present in this series. The 
furrow series is directed more or less over the furrow; the second series is usually per- 
pendicular ; and the outer series is directed outward towards the margin of the ray. There 
is also a tendency in the spinelets to radiate apart. Consequent on this mode of arrange- 
ment, the armature of the adambulacral plates has a very widely expanded character on 
the whole. 

The actinal intermediate plates, which are small and very few in number, are confined 
to the immediate interradial area. The spinelets that cover them are small, more or 
less subspatulate in form, and radiate apart. : 

The mouth-plates are of moderate size, each pair forming a subtubercular prominence, 
and their whole surface is covered with small, robust, papilliform spinelets, which form two 
or three lineal series on each plate. These spinelets increase in length towards the inner 
extremity, the innermost ones not being much longer or more prominent than the rest. 

The madreporiform body is very small, and is situated at about one-third of the 
distance from the margin to the centre, and sometimes rather further away from the 
margin even than this. In some specimens there is a faint depression along the median 
line of a ray; and in large examples a similar slight sulcus occurs on the outer portion of 
the median interradial line. 

Colour in alcohol, a light purplish shade, of which only a trace remains in some speci- 
mens, the rest being almost ashy white. 

Localities.—Port Jackson. Depth 6 to 15 fathoms. 

Station 161. Off the entrance to Port Philip. April 1, 1874. Lat. 38° 22’ 30” S., 
long. 144° 36’ 30” E. Depth 38 fathoms. Sand. Surface temperature 63°°5 Fahr. 

Station 162. Off East Moncceur Island, Bass Strait. April 2, 1874. Lat. 39° 10’ 30” 
S., long. 146° 37’ 0” E. Depth 38 to 40 fathoms. Sand and shells. Surface temperature 
63°°2 Fahr. 

Remarks.—This species is perhaps most nearly related to Astropecten peruvianus, 
Verrill, but is distinguished by the character of the adambulacral armature and by the 
proportions of the lateral spines. It is distinguished from all the other pectinated species 
of Astropecten by the single continuous series of spinelets on the supero-marginal plates. 


5. Astropecten acanthifer, Sladen (Pl. XXXIV. figs. 1 and 2; Pl. XXXVIII. figs. 
1-3). 
Astropecten acanthifer, Sladen, 1883, Journ. Linn. Soc. Lond. (Zool.), vol. xvii. p. 253. 
Rays five R=90mm.; r=14 mm. R>6‘5r, Breadth of a ray at the base, 
14°5 mm. 
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Rays elongate and tapering. Disk very small. Interbrachial ares acute. 

The paxillee of the abactinal area are large, and form a compact surface. Hach con- 
sists of four or five short granuliform spinelets in the centre of the tabulum, surrounded 
by a circle of a dozen or more short, delicate, obtuse spinelets, the central four having a 
rather isolated appearance within the circle. A large conical prominence is present in the 
centre of the disk. 

The supero-marginal plates, which are forty-three in number from the median inter- 
radial line to the extremity, are rather higher than broad. ach plate bears on the outer 
abactinal margin, (or rounded angle that falls in the marginal contour) a single, small, 
delicate, conical and sharply pointed spine. ‘The series of spines is continuous throughout 
the ray ; and the two innermost spinelets are rather more robust than the others. 

The infero-marginal plates are broader than high, and do not extend beyond the 
superior series. ach bears three lateral spines close together in transverse series ; the 
outermost, or lateral spine proper, is long, delicate, cylindrical, tapering to a sharp point 
and slightly bent ; the second, which stands immediately behind, is about two-thirds the 
length and precisely similar; the third spine is very small, not more than one-third the 
leneth of the preceding, and is hardly worthy of being ranked as a lateral spine. Some- 
times a small spinelet, similar to the last-mentioned, stands by the side of the second 
lateral spine. No other spinelets are present on the infero-marginal plates, excepting a 
single isolated spinelet in the median line and near the inner end of the plate adjacent 
to the adambulacral plates. This spinelet is cylindrical, tapering, sharply pointed, and 
somewhat longer and more robust than the third lateral spine; its presence and isola- 
tion give a very characteristic appearance. The surface of the infero-marginal plates is 
covered with small and not very closely crowded papilliform squamules, which increase 
slightly in length and robustness at the inner end of the plate near the adambulacral plates. 

The spines of the adambulacral armature are not very large or prominent. Those of the 
inner or furrow series are three in number, delicate, cylindrical and tapering ; and the 
middle spine is slightly more prominent in the furrow than its companions. The outer 
spinelets on the actinal surface of the plate are difficult to formulate in consequence of the 
irregularity in their mode of arrangement. Normally a second and an outer series are pre- 
sent, having about three spinelets in each; but these are often placed in such a way as to 
appear to give two to the second series, and four, arranged diamond-wise, to the outer 
series ; frequently also one or two small additional spinelets may be present, usually in the 
latter series, which then forms a group. The spines of the second series, which are shorter 
than those of the inner series, are slightly compressed and faintly subspatulate. The outer 
spinelets are shorter than the preceding ones, and are not flattened ; their length near the 
middle of the ray is very slightly in excess of the length of the papilliform squamules of 
the adjacent infero-marginal plate. 


Very few actinal intermediate plates are present, and these bear spinelets similar to 
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the outer spinelets of the adambulacral armature, which are usually grouped together into 
an incipient pedicellaria (?). 

The mouth-plates are elongate, and covered with comparatively long, closely placed 
spines, which are flattened and more or less subspatulate. The two inner spinelets, placed 
side by side on each plate, are longer and larger than the rest ; and these, together with 
their smaller lateral companions, form a horizontal comb of six to eight spinelets directed 
towards the centre of the mouth. Behind these inner spinelets follow two or three shorter 
spines in lineal series on the surface of the plate; these are succeeded by eight or nine 
pairs of short, flat spines, closely placed and occupying the middle portion of the surface, 
on which they stand perpendicularly ; and the outer part of the plate carries three or four 
spines in single line directed outward, their length and robustness increasing as they 
recede from the mouth. The next adambulacral plate to the mouth-plates is narrow, 
and the spines thereon are small, uniform, and arranged in two lineal series apposed to 
one another. 

The madreporiform body is obscured by paxille. 

The ambulacral tube-feet are small and terminate in a point, which is tipped with 
black, and gives a very singular appearance to the species. 

The terminal plate has a slight furrow abactinally, suggesting the line of union of two 
primitive plates. 

Colour in alcohol, yellowish grey. 

Locality—Station 192. In the Banda Sea, between the Ki Islands and Banda Islands. 
September 26, 1874. Lat. 5° 49’15”S., long. 182° 14’15” E. Depth 140 fathoms. Blue 
mud. Surface temperature 82°°0 Fahr. 

Remarks.—Vhis species has some alliances with Astropecten scoparius and Astro- 
pecten mauritianus, but is distinguished by the spinulation of the infero-marginal plates, 
and by the character of the armature of the adambulacral plates. 


6. Astropecten japonicus, Miiller and Troschel. 
Astropecten japonicus, Miiller and Troschel, 1842, System der Asteriden, p. 73. 


Localities.—Station 233. Off Kobé, Japan. May 17, 1875. Lat. 34° 39’ 0” N., 
long. 135° 14’ 0” E. Depth 8 fathoms. Mud. Surface temperature 62°°3 Fahr. 

Station 233a. North of Awadji Sima. May 19, 1875. Lat. 34° 38’ 0” N., long. 
135° 10” E. Depth 50 fathoms. Sand. Surface temperature 62°°6 Fahr. 

Station 2338. In the Bingo Nada. May 26,1875. Lat. 34° 18’ 0” N., long. 183° 
35'0” BE. Depth 15 fathoms. Blue mud. Surface temperature 66°°3 Fahr. 

Off Yokohama, Japan. Depth 8 to 14 fathoms, 5 to 25 fathoms. 

Remarks.—A large series of this species was obtained. I have compared them with 
the original type-specimens of Miiller and Troschel belonging to the Leyden Museum. 
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7. Astropecten imbellis, Sladen (Pl. XXXIV. figs. 3 and 4; Pl. XXXVIII. figs. 4-6). 


Astropecten imbellis, Sladen, 1883, Journ. Linn. Soc, Lond. (Zool.), vol. xvii. p. 255. 


Rays five. R= 24mm.;r=7mm. R>35r._ Breadth of a ray at the base, about 
7 mm. 

Rays rather narrow, especially on the outer part, tapering continuously from the base 
to the extremity. Interbrachial arcs subacute. 

The paxillar area has a comparatively open and irregular appearance, in consequence 
of the character of the paxillee; these have short thin pedicles, scarcely forming a true 
tabulum, and are surmounted by eight to ten rather long delicate spinelets, much longer 
than the pedicle, which do not usually radiate apart widely. In consequence of the 
rather wide separation of the paxille, a somewhat “draggled” appearance is produced. 
In the centre of the disk the paxille are rather smaller and more crowded, and a central 
eminence is present. 

The supero-marginal plates, which are eighteen in number from the median interradial 
line to the extremity, are about as broad as high, but higher on the inner part of the ray. 
The plates are slightly tumid, and form a well-rounded margin to the ray. The surface of 
the plates is covered with very fine, closely placed, papilliform granules ; and the inner- 
most eight or nine supero-marginal plates bear a small, delicate, sharply pointed spinelet, 
about equal in length to the length of the plate, and placed near the middle of the 
abactinal portion of the plate. The breadth of the plates is very little greater than the 
lencth on the inner portion of the ray; and on the outer portion these proportions are 
reversed. 

The infero-marginal plates are broad, gently rounded towards the actinal surface, and 
do not extend beyond the superior series. They bear three lateral spines, placed close 
together in a very oblique series, the second from the margin being slightly the longest 
and most robust; all are exceedingly delicate, needle-like, and very faintly bent, the 
longest being rather more than twice the length of the plate. On the innermost three 
plates the upper or outer spine is the longest ; it is also flattened and much broader than 
elsewhere. Excepting on the innermost three plates no other spines occur; on these, 
however, one or two very small ones are present in the median line. The surface of the 
infero-marginal plates is covered with numerous minute papilliform squamules closely 
placed, which become more spiniform towards the margins. 

Not more than two or three actinal intermediate plates are present, and these are 
covered with short, papilliform spinelets similar to those just mentioned, 

The armature of the adambulacral plates consists of short, delicate, cylindrical spines, 
shgltly tapering at the tips, which form two series. The inner series consists of three 
spines, the middle one slightly longest, radiating apart and directed over the furrow. The 
outer series consists likewise of three similar and equal spinelets, usually directed towards 
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the margin of the ray; and occasionally there may be one or two supplementary spinelets, 
usually smaller and almost indistinguishable from the spinelets of the infero-marginal 
plates, but occasionally one is as large as the three spinelets of the outer series, and is 
irregular in position. 

The mouth-plates are small, and form a prominent narrow keel along the median suture- 
line, on each side of which are borne two rows of rather elongate cylindrical spinelets, six 
or seven in each, and two or three in single series on the outer part, which are larger. 
The innermost spinelets are more robust than the others, but only very slightly longer, 
and no prominent horizontal comb is formed over the mouth-opening as in other species. 
There is a row of five to seven rather elongate spinelets on the free margin of the mouth- 
plate. 

The madreporiform body, which is small and almost hidden by paxille, is situated 
rather more than its own breadth from the margin. 

The ambulacral tube-feet are moderately robust and have conical pointed tips. 

The terminal (ocular) plate is rather large, and broader than long; distinctly appear- 
ing as if formed by the lateral union of two semicylindrical plates, with a rather large 
tubercular granule on each side at the extreme tip, on which spinelets were probably 
articulated. 

Colour in alcohol, yellowish grey, with a darker tint over the paxillar area approach- 
ing greenish grey. 

Locality.—Station 204. Off Tablas Island (Philippine group). November 2, 1874. 
Lat. 12° 43’ 0” N., long. 122° 9’ 0” E. Depth 100 fathoms. Green mud. Surface 
temperature 84°:0 Fahr. 

Remarks.—This form is distinguished from the other species possessing a non- 
continuous series of spines on the supero-marginal plates by the absence of the spines 
in question on the outer half of the ray, and by the presence of the oblique series or comb 
of lateral spines on the infero-marginal plates. 


8. Astropecten hermatophilus, Sladen (Pl. XX XIII. figs. 5 and 6; PI. XXXVIT. figs. 
7-9). 
Astropecten hermatophilus, Sladen, 1883, Journ. Linn. Soe. Lond. (Zool.), vol. xvii. p. 257. 

Rays five R=25 mm.; r=8 mm. R>38r._ Breadth of a ray at the base, 
8°5 mm. 

Rays of moderate breadth, tapering from the base to the extremity, but not becoming 
attenuate or sharply pointed. Interbrachial ares slightly rounded. 

The paxillar area is compact and uniform, rather more than three times the breadth of 
the supero-marginal plates at the middle of the ray. The paxillz are longer on the disk 
and along the median abactinal line than at the sides of the rays, where they are arranged in 


208 THE VOYAGE OF H.M.S. CHALLENGER. 


recular transverse rows, about five in each. The larger paxillz have a circlet of ten to 
twelve short spinelets surrounding a rather large tabulum, on which one to three low 
granules are placed; and the smaller ones have about eight, with one central. The 
paxillee are smaller and very compact in the centre of the disk, and a prominent conical 
peak is present. 

The supero-marginal plates, which are twenty-two or twenty-three in number from 
the median interradial line to the extremity, are slightly broader than long ; their height 
is greater than the length, and increases on the inner portion of the ray, where it is greater 
than the breadth. The plates are slightly tumid and well-defined ; and are covered with 
low rounded granules, which are larger and more prominent on the middle of the plate. 
Normally each plate bears a prominent spiniform granule on the rounding that unites the 
abactinal and lateral surfaces; and occasionally a second may be present close beside it. 
Usually one or two of the innermost plates on each side of the median interradial line 
carry two of these spiniform granules, of equal size. 

The infero-marginal plates do not protrude beyond the line of the superior series, and 
are gently rounded towards the actinal area. Each plate has a single, short, slightly 
compressed, and sharply tapering lateral spine, followed by two similar but shorter 
spinelets, placed close behind, and forming a line slightly oblique to the median line of 
breadth of the plate. The second spine is about two-thirds the length of the lateral spine, 
and the third is much less and more compressed. This triplet of spines is confined to the 
marginal edge of the plate, and no other spines are present, except on one or two of the 
innermost plates, the rest of the plate being covered with small uniform squamules, and 
these, though short, are more or less spatuliform and have rounded tips. 

Only two or three actinal intermediate plates are present, and these bear small, uniform, 
papilliform spinelets. 

The armature of the adambulacral plates consists of short spines, which normally form 
two series; but on some plates the outer series is somewhat irregular, and the arrange- 
ment may simulate the appearance of three series. The inner or furrow series consists of 
three spines, of which the middle one is longest, straight, cylindrical and tapering ; whilst 
the two lateral ones are short, delicate, compressed in the direction of the axis of the ray, 
slightly expanding towards the tip, and truncately rounded. The outer series consists of 
three spines, equal in size, broad, robust, flatly compressed in the direction of the axis of 
the ray, widely flaring towards the extremity, and truncate. The middle spinelet is 
on some plates placed external to the two lateral ones, and sometimes in consequence 
appears like a solitary spinelet of a third series. Sometimes also the aboral lateral 
spinelet may be slightly in advance. On a few of the innermost plates one or two 
supplementary spinelets may be present. 

The mouth-plates are large and prominent, with a single line of short, robust, papilli- 
form spinelets upon the surface of the keel, along each side of the median suture ; these 
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are about ten or eleven in number, and decrease in size adorally and aborally. Of the 
mouth-spines proper, situated on the free margin of the plates, the innermost three on 
each side of the suture-line are long, robust, cylindrical, obtusely rounded, and form, 
together with the corresponding spines of the companion plate, the comb which stretches 
horizontally over the mouth-aperture. On the remaining portion of the free margin are 
three or four small, equal-sized, cylindrical spines. The first adambulacral plate next to the 
mouth-plate is narrow, with a biserial armature, consisting of about eight small, compressed, 
shghtly flaring, and truncate spines in each row. 

The madreporiform body is transversely oval in form, and not more than its own 
breadth distant from the marginal plates. 

The terminal plate is large and broad, very deeply channelled anteriorly, and with two 
or three short robust spinelets, which curve slightly over the furrow. 

Colour in alcohol, very light ochre-brown, almost verging towards grey. 

Locality.—Station 75. Between the islands of Fayal and San Jorge (Azores). 
July 2, 1873. Lat. 38° 38’ 0” N., long. 28° 28’ 30” W. Depth 450 fathoms. Volcanic 
mud. Surface temperature 70°°0 Fahr. 

Remarks.—This species is characterised by the single short, compressed, lateral spine, 
with two closely placed small companions, by the broad and flaring spinelets on the actinal 
surface of the adambulacral plates, and by the absence of an aboral line of spinelets on 
the infero-marginal plates. The form is very nearly allied to Astropecten irregularis, 
Linck, but is distinguishable by many points of detail when examples of the two species 
are compared side by side. 


9. Astropecten irregularis, Linck. 
Astropecten irregularis, Linck, 1733, De Stellis marinis, p. 27, tab. vi. fig. 13. 
Asterias aranciaca, O. F. Miiller, 1776, Zool. Dan. Prod., p. 234, No. 2831. 
Astropecten Miilleri, Miiller and Troschel, 1844, Archiv f. Naturgesch., Jahrg. x., Bd. i. p. 181. 
Astropecten echinulata, Miiller and Troschel, 1844, Archiv f. Naturgesch., Jahrg. x., Bd. i. p. 181. 


Localities. —“ Porcupine” Expedition ; 

Station 18. Off the west coast of Ireland, north-west of Achill Head. Lat. 54° 15’ N., 
long. 11° 9’ W. Depth 183 fathoms. Bottom temperature 9°'7 C. ; surface temperature 
TI 8-€; 

Station 46. Between Scotland and the Faerée banks. Lat. 59° 23’ N., long. 7° 4’ W. 
Depth 374 fathoms. Bottom temperature 7°°7 C. ; surface temperature 12°'1 C. 

Station 67. East of the Shetland Islands. Lat. 60° 32’ N., long. 0° 29’ W. Depth 
64 fathoms. Bottom temperature 9°°5 C.; surface temperature 11°°0 C. 

Station 68. East of the Shetland Islands. Lat. 60° 23’ N., long. 0° 33’ E, Depth 
75 fathoms. Bottom temperature 6°°7 C.; surface temperature 11°°4 C. 

Remarks.—These are all small forms and have a certain facies of their own, but they 
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do not possess the characters diagnosed by Dr Norman in the description of his Astro- 
pecten acicularis.’ I have therefore referred them to the older type. 

Sir Wyville Thomson? expresses very definitely his belief that Astropecten acicularis 
is merely a deep-water variety of Astropecten irregularis; and states that a magnificent 
series was procured by Mr Waller in 1869 during a dredging cruise off the south coast of 
Ireland, showing a gradual transition through all intermediate stages between the large 
and the small varieties. 


10. Astropecten pontoporxus, Sladen (Pl. XXXY. figs. 1 and 2; Pl. XXXVIII. figs. 
10-12). 
Astropecten pontoporxus, Sladen, 1883, Journ. Linn. Soc, Lond. (Zool.), vol. xvii. p. 259. 

Rays five. R=53mm; r=15 mm. R=3'5r. Breadth of a ray at the base, 16°5 
mm. 
Rays rather broad throughout, and only slightly tapering until near the extremity, 
which, although pointed, is rather obtuse. Interbrachial ares subacute, or with a faint 
tendency to rounding. 

The paxillar area is wide and extensive, with numerous, rather small, compact paxille. 
The spinelets of which these are composed are short and uniform. ‘The larger paxille have 
a circlet of twelve to fourteen spinelets surrounding seven or eight on the centre of the 
tabulum ; and the smaller paxillze present about half these numbers. Along the sides of 
the rays the paxille are arranged in regular transverse lines, about five or six in each. 
The paxillee diminish greatly in size in the neighbourhood of the centre of the disk and 
towards the ends of the rays. 

The supero-marginal plates, which are twenty-seven or twenty-eight in number from 
the median interradial line to the extremity, are broader than long; and their height is 
about equal to the breadth at mid-arm, but greater on the inner portion of the ray. The 
plates are well-rounded and tumid, which gives them a crested or subtubercular appear- 
ance, and clearly defines the separate plates. The plates are covered with small papilliform 
granules, which decrease in size towards the margins; and each plate normally bears an 
elongate granule or aborted spinelet, situated rather low down on the curve which unites 
the abactinal and lateral surfaces of the plate; but not unfrequently two or three may be 
present, and these stand in transverse line along the median line of breadth. 

The infero-marginal plates are broad, rather sharply rounded towards the actinal sur- 
face, and do not protrude beyond the level of the superior series. Hach bears four or five 
lateral spines standing in an oblique line, only slightly inclined to the axis of the ray, 
passing from the adoral to the aboral side of the plate. The spines are short, cylindrical, 
tapering, and pointed ; the third or fourth from the adoral end of the line is the longest, 


1 Ann. and Mag. Nat. Hist. 1865, ser. 8, vol. xv. p. 116. 
* The Depths of the Sea, 1873, p. 121. 
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although there is no great disparity in the length of any of them excepting the first, which 
is very small. T'wo or three irregular rows, with the spinelets in each shorter than those 
in the preceding row, stand behind the lateral series, and form a gradual transition into 
the spiniform squamulation of the plate. Consequent on this arrangement the lateral 
spines have a short, compact, and almost tufted appearance, whilst the series forms a thick 
and closely crowded fringe along the ray. The squamules of the infero-marginal plates 
are rather long, flat, and rounded, or obtusely pointed at the extremity, and although 
numerous they are not very closely placed. Three or four more prominent squamules, 
simulating spinelets, form a line along the aboral margin of the plate, and occasionally 
similar ones may be found here and there on other parts of the plate. 

Not more than six or eight actinal intermediate plates are present, and they carry very 
small, short, and equal-sized papilliform spinelets, which appear to form a kind of pedi- 
cellaria. 

The armature of the adambulacral plates consists of short spines, which are arranged in 
two series. ‘The mner series consists of three spines, which are short, cylindrical, slightly 
taper and obtuse, the middle one being more robust, compressed laterally, geniculate 
and prominent in the furrow. The outer series near the middle of the ray has three 
spines which are equal to, or rather longer than, the inner series, but more robust, slightly 
compressed, and obtusely rounded at the tips; these run obliquely across the plate, the 
adoral spinelet often being in the position of a third series. On the inner portion of 
the ray one or two supplementary spinelets may be present, external to the oblique line of 
three spines above mentioned. 

The mouth-plates are elongate, and form a long, prominent, narrow keel along the line 
of suture. Upon the keel there is a single line of spinelets on each plate, which are rather 
long, robust, compressed, and subpapilliform ; these are seven to nine in number, and they 
diminish in size aborally. On the outer free margin of the plate there are about eight 
spinelets—the innermost three, which with the corresponding spinelets of the companion 
mouth-plate form the comb of spines projecting horizontally over the mouth, are longer 
than the rest, and are slightly curved inward at their extremities in the direction of the 
horizontal plane of the mouth-area, The remaining spinelets are much smaller and 
equal-sized, and the series does not reach beyond a line drawn at right angles through the 
middle of the median suture-line. 

The armature of the first adambulacral plate beyond the mouth-plates consists of fifteen 
or more pairs of small, equal, papilliform spinelets, ranged in two parallel lines, and apposed 
to one another, which form a remarkably elegant organ, probably of pedicellarian functions. 
On the outer portion of the second adambulacral plate there is a partial repetition of this 
arrangement. 

The madreporiform body is small, but tubercular, and is situated nearer the margin 
than midway to the centre. 
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The terminal plate, which is moderately large and broad, is deeply grooved at the 
extremity. 

Colour in alcohol, yellowish white. 

Locality.—Simon’s Bay, Cape of Good Hope. Shallow water, 5 to 20 fathoms. 

Remarks.—The nearest ally of this form appears to be Astropecten serratus, Muller 
and Troschel, from which, however, it may, in my opinion, be distinguished by the char- 
acters of the supero-marginal plates, of the spinulation of the infero-marginal plates, and of 
the armature of the adambulacral plates. The rays also are shorter and broader. 


11. Astropecten zebra, Sladen (Pl. XXXVI. figs. 3 and 4; Pl. XXXIX. figs. 7-9). 
Astropecten zebra, Sladen, 1883, Journ. Linn. Soc. Lond. (Zool.), vol. xvii. p. 261. 


Rays five. R=34 mm.; r=9 mm. R=3°7 ry. Breadth of a ray at the base, 
about 9 mm. 

Rays rather narrow, and although tapering gradually from the base to the extremity, 
the tip is comparatively obtuse. Interbrachial arcs distinctly rounded. 

The paxille of the abactinal area are large, having one to four, or even more, central 
spiniform granules on the tabulum, surrounded by eight to twelve short spinelets in a 
circle on the periphery. A slight prominence is present in the centre of the disk of some 
specimens, but scarcely sufficient to produce a conical peak. In one specimen a slight 
invagination occurs in the centre of the prominence. 

The supero-marginal plates, which are twenty-five in number from the median inter- 
radial line to the extremity, are higher than broad, and have the appearance of forming a 
rounded sloping bevel to the ray, especially in the interbrachial are. The plates are 
uniformly covered with papilliform granules, and bear no spines or tubercles whatever, 
excepting the innermost four plates on each side of the median interradial line. These four 
or five plates are armed with a short, conical, and slightly compressed spinelet, the 
innermost being longest, and the others decreasing in size as they proceed outward. 

The infero-marginal plates are much broader than high, and do not extend beyond the 
superior series, although in large specimens there is a tendency to appear to do so in con- 
sequence of the presence of a slight prominence on the plate on which the lateral spine is 
articulated. There is one lateral spine of moderate length, which tapers throughout, is 
sharply pointed, cylindrical, and very slightly flattened; this is accompanied by a second 
spine, about two-thirds the length of the lateral spine, placed immediately behind and 
close to the aboral side of the plate. Two or three small compressed spinelets are situated 
in line on the aboral side of the plate, that near the inner extremity adjacent to the adam- 
bulacral plates often slightly largest. No other spines are present on the infero-marginal 
plates, which are covered with moderately well-spaced squamules. 
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The armature of the adambulacral plates is arranged in three series on the inner part 
of the ray, but becomes reduced to two on the outer portion. The inner or furrow series 
consists of three spinelets, which are rather short—the middle one delicate and clavate at 
the extremity, and the two lateral companions rather shorter, flat and obtuse. The second 
series consists of two or three spinelets shorter than the inner series, and more or less 
flattened and truncate. When a third spinelet is present it is very frequently placed some- 
what behind the other two, opposite their interspace; and might almost be ranked with 
the third series, which latter may consist of only two or three small cilia-like spines, or of 
four flat modified spines, forming a well-developed pedicellaria. These organs are irregular 
in their occurrence, and are only present on the inner half of the ray ; on the outer part of 
the ray the third series of spines of the adambulacral armature is apparently wanting 
altogether. The pedicellariz are large and conspicuous, and four or five are present along 
each side of a furrow, usually on alternate plates; all are uniform, and with four valves, 
regularly apposed two and two, the spinelets which form the valves being more or less 
flattened and arched, and terminating in an abruptly pointed or lanceolate extremity. 

Very few actinal intermediate plates are present; the two immediately behind the 
mouth-plates each bear a large pedicellaria similar to those just mentioned. 

The mouth-plates are elongate and narrow, with a single line along their superficies 
of comparatively long and robust spinelets, which are cylindrical or slightly compressed 
and obtuse ; all are nearly uniform in size excepting the innermost one or two, which are 
somewhat larger than the others. 

Colour in alcohol, a very light brown or chocolate colour on the paxillar area, which is 
mottled with spots and lines of a darker tint of the same. These marks fall in a line 
parallel to, and midway between, the marginal plates and the median radial line. On the 
inner third of the ray the line or band of colour is generally continuous and meets the 
corresponding band of the adjacent ray on the disk, forming a V-shaped mark, thickened 
in the angle. On the outer part of the ray the markings are discontinuous, forming spots, 
and these frequently extend up to and over the marginal plates. The actinal surface and 
ambulacral tube-feet are yellowish white. 

Young Phase.—A small specimen measuring R = 11 mm., which has twelve supero- 
marginal plates, as yet possesses no trace whatever of the conspicuous spines present on 
the supero-marginal plates in the interbrachial are of the adult form. On the infero- 
marginal plates there is no indication of the aboral line of spinelets, only a single well- 
developed lateral spine accompanied by a very small companion. No pedicellariz are yet 
to be found on the adambulacral plates ; but a pair of actinal intermediate plates are very 
conspicuous, and the papilliform spinelets they bear are very robust and are grouped in 
such a way as to lead to the inference that they perhaps performed the functions of a 
pedicellarian organ. The rays are shorter and broader at the base in this young form as 
compared with the adult stages. 
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Locality.—Station 186. In Torres Strait, off Cape York. September 8, 1874. Lat. 
10° 30’ 0” S., long. 142° 18’ 0” E. Depth 8 fathoms. Coral mud. Surface temperature 
77-2 Fahr. 

Remarks.—Astropecten zebra is distinguished from Astropecten velitaris by the three 
or four comparatively large flattened spines on the supero-marginal plates on each side of 
the median interradial line, and by the presence of the well-developed pedicellarix ; and it 
is distinguished from Astropecten fragilis by the single lateral spine, and by the spinelets 
in the aboral series on the infero-marginal plates increasing in length as they approach the 
margin. The armature of the adambulacral plates is also different. 


lla. Astropecten zebra, var. rosea, Sladen. 
Astropecten zebra, var. rosea, Sladen, 1883, Journ. Linn. Soe. Lond. (Zool.), vol. xvii. p. 263. 


The examples of Astropecten zebra from Station 186 are very constant in their 
characters. The specimens from Station 187 (three in number) present some variation. 
In colour they are a rosy brown, approaching madder-brown, and the markings are 
dark brown. The actinal surface is a delicate rosy pink, and the tube-feet are a rich 
scarlet. The rays are slightly broader, and taper rather more rapidly at the tip. Only 
the innermost two or three supero-marginal plates bear spines, which are smaller and almost 
invisible excepting the innermost. The small spinelets on the aboral margin of the infero- 
marginal plates do not form the continuous line noted in the specimens from Station 186, 
but are wanting in the median portion, thus leaving the spinelet near the adambulacral 
plates isolated, and the spinelet near the lateral spines is relatively larger and might almost 
be counted along with the laterals. 

Locality.—Station 187. In Torres Strait. September 9, 1874. Lat. 10° 36/0082 
long. 141° 55’ 0” E. Depth 6 fathoms. Coral mud. Surface temperature 77°°7 Fabr. 


12. Astropecten velitaris, von Martens. 
Astropecten velitaris, von Martens, 1865, Archiv f. Naturgesch., Jahrg. xxxi., Bd. i., p. 360. 


Localities:—Amboina. Depth 100 fathoms, 15 to 25 fathoms. 

Admiralty Islands. Depth 16 to 25 fathoms. 

Remarks.—Dr von Martens when describing this species suggested, with his customary 
eare and foresight, that owing to the small size of his type (R = 16 mm.) it might possibly 
be thought that Astropecten velitaris would ultimately prove to be the young phase of 
some other species, such for instance as Astropecten armatus, Miller and Troschel (z.e., 
Astropecten polyacanthus). In support of the view that it is a distinct species, or at any 
rate not the young of Astropecten polyacanthus, I may here mention that small examples 
of Astropecten polyacanthus from Port Jackson, the smallest measuring about R = 8 to 9 
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mm., have fully developed spines on all the supero-marginal plates, excepting the second 
and third, and are quite recognisable specifically. 

Liitken* has also supported the view of the independence of the species by giving a 
description of a much larger example than that discovered by von Martens. 


13. Astropecten granulatus, Miller and Troschel (Pl. XXXY. figs. 3 and 4; Pl. 


XXXIX. figs. 4-6). 
Astropecten granulatus, Miiller and Troschel, 1842, System der Asteriden, p. 75. 


Locality.—Station 188. In the Arafura Sea, between Cape York and Frederick 
Henry Island. September 10,1874. Lat. 9° 59’ 0” S., long. 139° 42’ 0” BE. Depth 
28 fathoms. Green mud. Surface temperature 78°°5 Fahr. 

Remarks.—Although I have had the opportunity, through the kindness of Professor 
Schlegel and Dr Jentinck, of comparing Miiller and Troschel’s original type-specimens of 
Astropecten granulatus, from the Leyden Museum, side by side with the single example 
obtained by the Challenger, it is not without some hesitation that I refer the latter to 
that species. It is, however, without any doubt most nearly related to that form, and as 
the differences are very slight, and appear to me quite of secondary character, such as 
might in great measure be accounted for by differences of locality, I have considered it 
preferable, owing to the scantiness of the material, to refer the specimen under notice 
directly to Miiller and Troschel’s Astropecten granulatus. The adoption of that course is 
further warranted by the fact that so far as I am aware no other examples except the 
types are known to exist, and their locality is unknown. 

The type-form is well and accurately described by Miiller and Troschel, with the 
exception of the statement that the supero-marginal plates bear small spines: “Die 
dorsalen Randplatten sind héher als breit, in den Winkeln der Arme sehr hoch, tragen 
kleine Stacheln und sind iiberall grob granulirt.” ® 

No spines or even rudiments of spines exist, or have existed, upon the supero-marginal 
plates of the type-specimens, which are well preserved, and are literally “ itberall grob granu- 
lirt.” I would venture to suggest that in the passage quoted above, the word “kleine” 
is a misprint for “keine.” With this amendment the diagnosis would stand correct. 

The Challenger specimen, which is smaller than either of the types, differs in 
having rather shorter and broader rays; and the supero-marginal plates are plane or 
nearly so abactinally, whilst in the type they have a decidedly tumid appearance. 

It may further be noticed that these differences are probably greatly emphasised by the 
fact that the type-specimens are dried and considerably shrunk, whilst the specimen under 
notice is in spirit and well preserved. In the Challenger example the armature of the 


1 Videnskab. Medd. naturh. Foren. i Kj¢benhavn, 1871, p. 237. 
* System der Asteriden, p. 75. 
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adambulacral plates is more stumpy in character, and there are usually two unequal, 
flattened, papilliform spinelets on the actinal surface of the plate, with a smaller one 
behind them opposite their interspace. 


14. Astropecten monacanthus, Sladen (Pl. XXXII. figs. 7 and 8; Pl. XXXVII. 
figs. 10-12). 
Astropecten monacanthus, Sladen, 1883, Journ. Linn. Soc. Lond. (Zool.), vol. xvii. p. 263. 

Rays five R=26 mm.; r=7 mm. R>85r. Another specimen measures, 
R=22 mm.; r=6 mm. Breadth of a ray at the base, 6°25 mm. 

Disk moderately large. Rays rather long and narrow, tapering rather rapidly on the 
outer portion to a pointed extremity. Interbrachial arcs rounded. 

The paxillar area is wide, measuring more than three times the width of the supero- 
marginal plates near the middle of a ray, and is very regular in composition. The paxille 
are large and well-spaced, and have one large granule-like spinelet in the centre of the 
tabulum, and seven to ten very short clavate spinelets on the circumference radiating out 
widely, almost horizontally. Occasionally on the disk, paxille have two to four central 
granules; but the single, large-sized, low granule is very characteristic. On the sides of 
the rays the paxillz are arranged in transverse lines, about three or four in each; the 
median radial band is scarcely defined. In the centre of the disk a conical peak is present, 
in the neighbourhood of which the paxillz become very small and crowded. In some cases 
the centre of the cone is invaginated. 

The supero-marginal plates, about twenty-three in number from the median interradial 
line to the extremity, which are small, higher than broad, and not tumid, form an even and 
well-rounded margin to the ray ; their extension on the abactinal surface is small in con- 
sequence of the narrowness of the plates. The surface of the plates is covered with large, 
flat-topped, well-spaced granules, which diminish a little in size at the margins ; and the 
suture or furrow between the neighbouring plates is almost hidden. The usual fine cilia, 
if present, are entirely concealed. No spinelets or tubercles of any kind are borne on the 
supero-marginal plates. 

The infero-marginal plates, which are much broader than high, do not extend beyond the 
superior series, and have a sharp subangular rounding towards the actinal surface. Each 
plate bears a single lateral spine, and no other spines are present, the whole surface of the 
plate being covered with moderately spaced, small, flat, subacuminate squamules very little 
longer than broad. Two of the squamules immediately behind the lateral spines are longer 
than the rest, and subspiniform. There is no tendency to develop spines on any other part 
of the plate. The lateral spines are short, delicate, subcylindrical, slightly compressed, 
tapering from the base to a very finely pointed extremity, and are very faintly curved ; 
they are directed horizontally from the ray at right angles to the axis, and are wide apart ; 
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those in the middle of the ray are slightly longer than the others, which decrease in length 
towards the inner and outer portions of the ray ; the longest spines are nearly equal to the 
length of three infero-marginal plates. 

Not more than two or three actinal intermediate plates are present, and these carry 
small papilliform spinelets, which form an incipient pedicellaria-like group. 

The armature of the adambulacral plates consists of short and rather robust spines, which 
form two distinct series, having three spines in each. The inner or furrow series consists of 
three short, robust, obtusely tipped spinelets, which radiate apart and arch over the furrow, 
the middle spine being longest. The outer series consists of three spines much shorter 
than the inner series; and the middle spinelet, which is slightly the longest and twice as 
robust as its companions, has a short, flat and subspatulate form. The aboral spinelet is 
smallest, and is placed in advance of the other two, its position almost suggesting that it 
ought to be reckoned as belonging to a middle series, an idea which is further strengthened 
by the presence in the innermost portion of the ray of a minute granule or rudimentary 
spinelet in a corresponding position on the adoral side of the plate. This arrangement 
causes the broader middle spinelet at first sight to appear as the aboral of two spines 
which form a true outer series, directed outward towards the margin of the ray. 

The mouth-plates are elongate and narrow, with a single row of eight to ten papilliform 
spinelets on their surface, which are very small outwardly, but increase in length as they 
approach the mouth, the innermost spine being longer than any of the others and directed 
horizontally. The two series of spinelets on the companion plates of a mouth-angle are 
generally apposed to one another. On the free margin of the mouth-plate there is a lineal 
series of short, rather robust spinelets, directed horizontally, which increase in length as 
they approach the inner extremity of the plate; the innermost spinelet being very little 
shorter than the innermost spinelet of the superior series just mentioned, and standing 
on the same level, forms together with it the horizontal fan of mouth-spines which pro- 
ceed from each mouth-angle and cover the mouth. The adambulacral plate adjoin- 
ing the mouth-plates is much broader and shorter than the others, and bears a lineal 
series of eight or nine short papilliform spinelets on each side, the two series being 
apposable. 

The madreporiform body is entirely hidden by paxille. 

Colour in alcohol, ashy grey. 

Locality.—Station 203. East of Panay Island, Philippine group. October 31, 1874. 
Lat. 11° 6’ 0” N., long. 123° 9’ 0” E. Depth 20 fathoms. Mud. Surface temperature 
85°°0 Fahr. 

Remarks.—This species is distinguished from Astropecten granulatus by the narrow 
marginal plates, by the consequently broad paxillar area, and by the comparatively simple 
character of the paxille. The general facies of the two forms is quite different. 

(ZOOL. CHALL, EXP.—PART LI.—1888.) 28 
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15. Astropecten cingulatus, Sladen (Pl. XXXV. figs. 5 and 6; Pl. XX XIX. figs. 1-3). 


Astropecten cingulatus, Sladen, 1883, Journ. Linn. Soc, Lond. (Zool.), vol. xvii. p. 266. 


Rays five. R=28mm.;r=9mm. R>3r._ Breadth of a ray at the base, 10 mm. 

Rays rather short and of moderate breadth, tapering gently with a slight curve to the 
extremity, which is sharply pointed. Interbrachial arcs subacute and not rounded. 

The paxillar area is very limited in consequence of the great breadth of the supero- 
marginal plates. The paxille are large upon the disk, but become smaller along the rays ; 
the former have four or five rather large granules in the centre on the tabulum, surrounded 
by a dozen or more small short spinelets. Along the rays there are not more than two or 
three central granules, and these are arranged in line, the paxilla (tabulum) being more or 
less elongately oval in the direction of the axis of the ray. The paxille are closely placed. 
In the centre of the disk a small conical elevation is present, upon and in the neighbour- 
hood of which the paxillee are smaller. 

The supero-marginal plates, which are nineteen in number from the median interradial 
line to the extremity, are all much broader than high, the breadth of those midway on 
the ray being greater than the adjacent paxillar area. The breadth of the supero-marginal 
plates increases towards the summit of the interbrachial arc, where the maximum is 
attained; the innermost plate of each ray, which is contiguous to the median interradial 
line, is triangular or wedge-formed, the apex being directed outward; whilst the bases 
of the two adjacent triangles form a wide rounding to the inner contour-line of the 
marginal wall. The border formed on the abactinal surface by the marginal plates is 
very broad and conspicuous. The length of the supero-marginal plates in the inner half 
of the ray is not more than one-third of their breadth. The plates are rather tumid 
along the median line of breadth, which produces a slight furrow between each ; and the 
surface of the plate is covered with closely placed uniform granules, which become finer 
along the margins. No spinelets, tubercles, or enlarged granules are present on the plates. 

The infero-marginal plates are broader than high, and extend very slightly beyond the 
superior series. Each bears two lateral spines, standing side by side, which are equal in 
length, short, very delicate, cylindrical, or faintly flattened, tapering to a sharply pointed 
extremity, and slightly bent. Behind these stand two or three very small, delicate spine- 
lets; and a row of similar, though somewhat smaller, spinelets is placed on the adoral 
side of the plate. The surface of the plate is covered with small, flat, subcircular squamules, 
rather widely spaced, the margins being bordered with crowded, short, delicate, ciliary 
spinelets, hidden in the divisional furrows. 

Only two or three actinal intermediate plates are present in the immediate interradial 
area: these carry usually one moderately long tapering spinelet, surrounded by a 
marginal series of papilliform spinelets. 


‘The armature of the adambulacral plates usually forms three series, although the third 
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or outer series is often absent or indistinguishable from the ciliary spinelets of the infero- 
marginal plates on the outer part of the ray. The inner or furrow series consists of three 
spines, which are short, cylindrical, or flattened transversely, slightly taper, the middle one 
a little longer than the companion spines, and standing forward prominently in the furrow. 
The second series has usually two spines standing wide apart, opposite the two outer 
spines of the furrow series: these spines are shorter than the inner trio, flattened in the 
plane of the axis of the ray, do not taper, and are roundly truncate at the extremity. 
Sometimes a third spinelet, similar in size and shape, is present between them. The outer 
series consists of three small papilliform spinelets, which are only slightly longer and more 
robust than the transitional or ciliary spinelets above mentioned. 

The mouth-plates are small and narrow, with a single line of rather long compressed 
spinelets standing perpendicular to the superficies, excepting those near the inner extremity, 
which are directed horizontally over the mouth, and are also larger and more robust; 
those at the outer extremity are directed outward. Low down on the sides are a few 
small and irregular supplementary spines. 

The madreporiform body is about its own width distant from the marginal plates, and 
is almost hidden from view by the paxille. 

Colour in alcohol, almost pure white. 

Locality.—Station 122-122c,. Off the coast of Brazil, south-east of Pernambuco. 
September 10, 1873. Lat. 9° 5’ 0” S. to 9° 10 0” S., long. 34° 49’ 0” W. to 34° 53’ 
0” W. Depths, 32, 120, 350, 400 fathoms. Red mud. Surface temperature 77°°5 Fahr. 

There is unfortunately no indication as to which of these dredgings the specimen came 
from. 

Remarks.—This form is readily characterised by the remarkably broad border of large 
marginal plates, and by the two small, delicate, sharply pointed, lateral spines, placed side 
by side, as well as by the character of the adambulacral armature and the spinulation of 
the infero-marginal plates. 


16. Astropecten mesactus, Sladen (Pl. XXXIV. figs. 5 and 6 ; Pl, XX XVIII. figs. 7-9). 


Astropecten mesactus, Sladen, 1883, Journ. Linn. Soc. Lond. (Zool.), vol. xvii. p. 267. 


Rays five R=34mm.; r=11 mm. R>3 rr, Breadth of a ray at the base, 
about 11 mm. 

Disk of moderate size and somewhat tumid. Rays rather short and moderately broad at 
the base, tapering continuously to a finely pointed extremity. Interbrachial ares rounded. 

The paxillar area is extensive over the disk, and contracts rapidly along the rays, 
terminating in a point, in conformity with the shape of the starfish. The paxillz are 
moderately large, with a broad tabulum bearing in the centre one, or occasionally two 
isolated granules, and surrounded by eight to twelve short, claviform spinelets around the 
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margin, which radiate outward slightly. There is a little diminution in the size of the 
paxillee towards the centre of the disk, but no trace occurs of any epiproctal prominence 
or peak whatever. The paxille are arranged in very short transverse rows at the sides 
of the rays, the irregular median space being wide. The paxille become very small 
towards the ends of the rays. 

The supero-marginal plates, which are twenty-one in number from the median inter- 
radial line to the extremity, are small, about as broad as high, and slightly tumid. They 
are covered with papilliform granules, which are uniform in size and shape, and not very 
closely placed; and fine cilia are present in the furrows between successive plates. No 
spines or tubercles of any kind are present on the supero-marginal plates. 

The infero-marginal plates are broader than high, the height being proportionately 
greater than usual in the genus; they do not extend beyond the level of the superior 
series, and form a gently rounded curve towards the actinal surface. The lateral spines, 
which are very small, short, taper, and slightly compressed, are four in number, placed 
close together in an oblique line, passing from the adoral extremity of the marginal end 
to the aboral side of the plate, the third from the margin being the longest; the fourth 
spine is usually rather shorter than the third, but sometimes equal. These spinelets, 
though not closely appressed to the side of the ray, stand at an angle to the surface and 
are directed somewhat upward and outward. Behind the line of lateral spines is a 
line of small, flattened, spiniform squamules, larger than the general squamules of the 
plates ; and on the inner part of the ray one or two similar spinelets may be found on the 
inner portion of the plate ; these, however, are wanting on the outer part of the ray, and 
there is no definite line of spinelets on the aboral side of the plate. The surface of the 
plate is covered with short papilliform spinelets rather than squamules, which become 
longer, more delicate, and very numerous in the furrows. 

The armature of the adambulacral plates consists of delicate spines, of moderate length, 
all cylindrical, and only slightly tapering, which form three regular series, with three 
spinelets in each. The spines of the inner or furrow series radiate well apart, and the 
middle one is the longest. The spinelets of the second series are all equal in length, and 
slightly shorter than the inner series, and are frequently placed in a somewhat oblique line. 
The spines of the outer series are, perhaps, a trifle smaller than the second series, and do 
not always stand in a regular line ; sometimes an additional spinelet is present, and some- 
times only two. 

The actinal intermediate plates are numerous, twenty to thirty being present in the 
interradial area, each bearing about eight to ten short, delicate spinelets, rather widely 
spaced, and radiating apart, which gives an appearance suggestive of paxille ; and most 
of the plates, excepting the inner series, have a long and more robust spinelet springing 
from the midst. 


The mouth-plates, which are rather short and small, are covered with numerous closely 
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placed spinelets. A double line is present on the surface of the plate, those near the middle 
line of the mouth-angle being large, robust, compressed transversely, and with tips obtusely 
rounded, and increasing in size towards the inner extremity of the plate. The innermost 
spines of the mouth-angle form a short horizontal comb of four parallel spines directed 
towards the centre of the mouth. The margins of the mouth-plates are fringed with a 
line of about eight small ciliary spines, which decrease in size and robustness as they recede 
from the mouth. 

The madreporiform body, which is small, slightly convex, and with fine striations, is 
placed at about its own breadth distant from the marginal plates. 

The ambulacral tube-feet are pointed, and the extreme tip appears to be very slightly 
thickened. 

The terminal (ocular) plate is elongate, and armed at the extremity with four or five 
short, robust spinelets directed outward. 

Colour in alcohol, brownish grey. 

Locality.—Off Inaccessible Island, Tristan da Cunha. Depth 90 fathoms. 

Remarks.—This species is in many respects a very abnormal Astropecten. So far as 
general formula is concerned its nearest ally in that genus is Astropecten pentacanthus, 
Delle Chiaje, sp., but the facies of the two forms is altogether different, and they could not 
possibly be mistaken. The character of the abactinal paxille (the pedicle being represented 
only by a broad tubercular eminence of the plate) and the great development of the actinal 
interradial areas are altogether unlike any Astropecten with which I am acquainted. It is 
not without hesitation that I have admitted the form into the genus. 

Two specimens of Astropecten obtained by the “Gazelle” near the eastern coast of South 
America (off Buenos Ayres) in lat. 34° 43’ 7” S., long. 52° 36’ 1” W., at a depth of 44 
fathoms, have been referred by Professor Th. Studer? to this species, 


Genus Psilaster, Sladen. 
Psilaster, Sladen in Narr. Chall. Exp., 1885, vol. i p. 611. 


Disk small, Rays moderately long, robust and high at the base, tapering to a pointed 
extremity. 

Marginal plates plane or slightly tumid, not forming a ridge or highly developed 
fasciolar groove. ‘The surface of the plates is covered with small papilliform squamules 
or granules. The supero-marginal plates are devoid of large spines or tubercles. The 
infero-marginal plates may bear several small spinelets, appressed to the ray, disposed in 
series near the lateral margin and usually near the aboral edge of the plate. 

Abactinal’ area with compact paxillz, composed of short papilliform spinelets, and 
arranged usually in regular transverse lines at the sides of the ray. 

1 Anhang z. d. Abhandl. d. k. preuss, Akad. d. Wiss. Berlin, vom Jahre 1884, p. 46, 
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Actinal interradial areas small, with numerous small intermediate plates which extend 
far along the ray. The intermediate plates all bear small compact groups of spinelets. 

Armature of the adambulacral plates consisting of :—(1.) a furrow series of rather long, 
delicate, cylindrical, uniform spinelets, which form either a straight series or may be 
slightly curved. (2.) On the actinal surface of the plate are two longitudinal series of 
shorter and more compressed spines, the inner of these two series being frequently irregular. 

Madreporiform body large and situated rather nearer the margin than midway between 
it and the centre of the disk. 

No true pedicellarie are present, but an incipient form of the organ may occur in some 
species. 

Remarks.—The type of this genus is the starfish originally described by Miiller and 
Troschel! under the name of Astropecten andromeda. It appears to me to merit generic 
distinction on account of the difference (1.) in the character of the marginal plates, (2.) 
in the number and disposition of the actinal intermediate plates, (3.) in the armature of 
the adambulacral plates, (4.) in the spinulation of the marginal plates, and (5.) in the 
character of the paxille. 


Synopsis of the Species included in the Genus Psilaster herein described. 


A. With marginal plates vertical, almost confined to the lateral wall of the ray. 
a. With narrow delicate rays. Interbrachial arcs well rounded. With papilliform 
eranules on the marginal plates: no membrane. Inner pair of mouth- 
spines very large. c 5 : : . : : 3 gracilis. 
b. With robust rays, thick at a tea Interbrachial arcs acutely rounded. With 
squamiform papille on the marginal plates, often covered with membrane. 
Inner pair of mouth-spines small. 
a. Infero-marginal plates at the base of the ray with four or five flattened 
spinelets equally spaced on the aboral margin. Inner pair of mouth- 
spines subequal to the rest. Supero-marginal plates conspicuously 
encroaching on the abactinal area on the outer part of the ray : andromeda. 
b, Infero-marginal plates at the base of the ray with three or four small flat- 
tened spinelets grouped in a slightly oblique series near the aboral 
end of the lateral margin. Inner pair of mouth-spines conspicuously 
longer than the rest. Supero-marginal plates not conspicuously 
encroaching on the abactinal area on the outer part of the ray . acuminatus. 
B. With broad marginal plates, forming a broad, conspicuous margin to the abactinal area. 
a. With marginal plates; nearly plane. Supero-marginal plates with no specially 
enlarged tubercle.; Infero-marginal plates with one spine near the lateral 
margin. No pedicellarize on the marginal plates 2 3 . cassiope. 
b. With marginal plates distinctly tumid. Supero-marginal lates often with a spe- 
cially enlarged tubercle. Infero-marginal plates with an oblique series of four 
spines near the lateral margin. Incipient pedicellarie on the marginal plates, patagiatus. 


1 System der Asteriden, 1842, p. 129.° 
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Chorology of the Genus Psilaster. 
a. Geographical distribution :— 


AtLantic: Four species between the parallels of 75° N. and 40° 8, 
Psilaster andromeda, off the Scandinavian coasts, and off the 
British Islands, extending to the Bay of Biscay. Psilaster cassiope 
and Psilaster patagiatus, off the Cape Verde Islands. Psiluster 


acuminatus occurs in the extreme South Atlantic, in Simon’s Bay, 
Cape of Good Hope. 


Paciric: Two species between the parallels of 40° N. and 50° §. 


Psilaster gracilis, off J apan. Psilaster acwminatus, off Australia 
and New Zealand. 


8. Bathymetrical range: Shallow water to 1875 fathoms. 

Four species, viz., Psilaster cassiope, Psilaster patagiatus, Psilaster andro- 
meda, and Psilaster acuminatus are found in the Littoral zone; and the two 
last named pass through the Continental zone and extend into the Abyssal zone. 
Psilaster gracilis is confined to the Abyssal zone. 

Greatest range of one species: Psilaster acuminatus, shallow water to 
950 fathoms. 


y- Nature of the Sea-bottom: Two species, Psilaster acuminatus and Psilaster 
gracilis, are found on Blue mud, the former also occurring on Green mud in 950 
fathoms. Psilaster andromeda inhabits a clay bottom, sometimes sandy. 


Chorological Synopsis of the Species. 


Ocean. Range in Fathoms. | Nature of the Sea-bottom. 


South Atlantic. Shallow. le. 4 coll iceameteees 
Psilaster acuminatus . .- ‘ ane f Green mud (950 fathoms). 
| South Pacific, 150 to 950 | Blue mud (150 fathoms), 
Psilaster andromeda. . North Atlantic, 40 to 690 Clay, sometimes sandy. 
Pesilaster cassiope . : : Atlantic. te ON a ee ceay 
Psilaster gracilis . : : Pacific. | 1875 | Blue mud. 


Psilaster patagiatus . : Atlantic. | sas (i = ema Oe er 
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1. Psilaster andromeda, Miiller and Troschel, sp. 


Asterias aranciata (varietas), Parelius, 1768, K. Norske Vidensk. Selskabs Skrifter, vol. iv. p. 426, 
tab. xiv. figs. 5, 6. 

Astropecten Andromeda, Miiller and Troschel, 1842, System der Asteriden, p. 129. 

Astropecten Christi, Diiben and Koren, 1844, Ofvers. k. Svensk. Vet.-Akad. Férhandl., p. 113. 

Archaster Andromeda, Mobius and Biitschli, 1875, Jahresb. d. Comm. z. wiss. Untersuch. d, deutsch. 


Archaster Christi, Perrier, 1876, Révis. Stell. Mus., p. 347 (Archives de Zool. expér., t. v. p. 267). 
Goniopecten chisti, Perrier, 1885, Ann. Sci. Nat. Zool. t. xix., Art. No. 8, p. 71 (err. typ). 

Localities. —“ Porcupine” Expedition : 

Station 76, 1869.1 West of the Shetland Islands. Lat. 60° 36’ N., long. 3° 58’ W. 
Depth 344 fathoms. Bottom temperature —1°1 C.; surface temperature 10°*1 C. 

Station 3, 1870. West of Ushant, south-west of the Scilly Islands. Lat. 48° 31’ N., 
long. 10° 3’ W. Depth 690 fathoms. 

“ Knight Errant ” Expedition : 

Station 7. August 12,1880. Lat. 59° 37’ N., long. 7° 19’ W. Depth 530 fathoms. 

“ Triton ” Expedition : 

Station 10. August 24,1882. Lat. 59° 40’ N., long. 7° 21’ W. Depth 516 fathoms. 
Bottom temperature 46° Fahr. 

Station 11. August 28, 1882. Lat. 59° 29’ N., long. 7° 13’ W. Depth 555 fathoms. 
Bottom temperature 45°°5 Fahr. 

Remarks.—The structure of this form, as indicated in the foregoing generic diagnosis, 
fully warrants in my opinion its separation from Astropecten; and I have already drawn 
attention in the remarks following the generic diagnosis, to the prominent characters 
wherein this species differs from any true member of the genus Astropecten. 

Miiller and Troschel? described this species as sometimes furnished with small spinelets 
on the supero-marginal plates, but I have not noticed their presence in any specimens 
I have examined. In this respect I can confirm the observations of Sars,’ and Danielssen 
and Koren,! and also the description given by Diiben and Koren.’ In the “Knight 
Errant” specimen all the spinulous or papilliform appendages of the actinal surface 
are invested with a thick membranous tissue which is often more or less united at 
their bases, and in some parts coalescent even at their extremities, which are joined 
by web-like and fibrillar extensions. The appearance thus produced is accurately 
enough expressed by Diiben and Koren’s “gelatinést éfverdrag ;”* and I have no doubt 
whatever as to the correctness of their description in this respect, although the 


1 These occurrences are recorded in Sir Wyville Thomson’s Depths of the Sea, but I have not seen any 
specimens. 2 System der Asteriden, p. 129. 

3 Oversigt af Norges Echinodermer, p. 30. 

4 Nyt Mag. f. Naturvidensk., 1877, Bd. xxiii. 3, p. 66. 

5 K. Svensk. Vetensk.-Akad. Handl. Ar 1844 (1846), p. 250. 

6 Loc. cit., p. 251. 
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character referred to has subsequently been called in question. Sars? states definitely 
that it did not occur in any of his specimens, and he considered that Diiben and Koren 
had been deceived by the presence of foreign matter. Diiben and Koren remark that 
the character is not a constant one. 

A large series of specimens shows a considerable amount of variation in the relative 
breadth of the supero-marginal plates and the paxillar area upon the rays. In examples 
from Drobach the supero-marginal plates as a rule arch over very slightly upon the actinal 
surface. On the other hand, in a specimen from Tromsé in the Christiania Museum they 
are very wide. This example is also noteworthy on account of the different character of 
the paxille, which are more rounded in form, and with the component spinelets radiat- 
ing more apart ; whereas in the usual type the spinelets are pressed together and directed 
upward, and the crown is more or less pentagonal in form. The spinelets on the aboral 
margin of the infero-marginal plates of the Tromsé specimen are very insignificant, and 
are almost aborted into robust squamules. The armature of the adambulacral and actinal 
intermediate plates, which is papilliform, uniform, and invested with membrane, has a 
very distinct appearance, as well as the almost naked and flatly appressed covering of the 
infero-marginal plates. In the Drgbach specimens the three or four spines on the infero- 
marginal plates are well developed. 

I have also seen a specimen from Lofoten with broad supero-marginal plates and well- 
developed spines on the infero-marginal plates, which are rather wide apart and uniform. 

A number of the specimens in the Stockholm collection have the supero-marginal plates 
arching well upon the abactinal surface, but in an example from Bohusliin the arching is 
very slight. 

To a certain extent the supero-marginal plates appear to be relatively broader in young 
forms, and narrower and less arching in the larger examples. 

The most interesting variety I have seen is one in Christiania determined by M. Sars, 
which bears a ticket inscribed by him, “ Varietet med bredere Paxillarfeldt paa Armene og 
mindre brede dorsale Randplader. Paa 200 Favnes Dyb paa Line. Fensfjorden.” In this 
example the supero-marginal plates are very narrow and almost perpendicular. The spines 
on the infero-marginal plates (a series of three to five) are long and thin, the third from the 
margin being longest. The central part of the plateisnaked. Similarly the supero-marginal 
plates have only a few granules on the upper part and near the margins of the plate. 

Sars’ has remarked that the northern examples of this species seem to have generally 
shorter arms than the southern ones. 


2. Psilaster acuminatus, n. sp. (Pl. XL. figs. 1 and 2; Pl. XLII. figs. 7 and 8). 
Rays five R=65 mm.; r=15 mm. R=43 7. Breadth of a ray at the base, 
14°5 mm. 


1 Oversigt af Norges Echinodermer, Christiania, 1861, p. 31. 
(zooL. CHALL. EXP.—PaRT LI.—1888.) 29 
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Rays elongate, very narrow on the outer portion, moderately broad at the base, and 
tapering continuously therefrom to the extremity, which is fine and pointed. Inter- 
brachial arcs acute, but rounded. 

The abactinal paxillar area is very uniform and compact in character, the paxille 
diminishing in size towards the centre of the disk and the extremities of the rays. The 
paxille consist of three to six central granules, surrounded by about a dozen short papilli- 
form spinelets on the margin of the tabulum. The paxille are arranged in recular trans- 
verse lines at the sides of the ray, whilst the median line is narrow and with the paxille 
slightly larger and irrecular in their arrangement. In some examples a slight prominence 
occurs in the centre of the disk. 

The supero-marginal plates, about 40 in number from the median interradial line to 
the extremity, are comparatively flat, and higher than broad, their surface forming an 
arched bevel to the ray rather than a tumid rounding. Flat squamiform granules are 
present on the upper part of the plate, but are wanting on the lower part, which is 
covered with membrane. No spines or tubercles of any description are present on the 
supero-marginal plates. 

The infero-marginal plates are higher than broad, and form a gentle and well-rounded 
curve on the actinal surface. In consequence of the form of the plates, nearly the whole 
height of the supero-marginal and infero-marginal plates can be seen when the side of the 
ray is placed in direct line of view. Each infero-marginal plate bears three small, straight, 
flattened, tapering and sharply-pointed spinelets arranged close together in an oblique line 
close to the lateral margin and the aboral edge of the plate. The upper spinelet, which is 
nearest the margin, is the smallest, and the other two are about equal in length. All are 
directed slightly outward in the direction of the ray, and being closely appressed to the 
side of the ray are almost invisible when seen from above. On the inner half of the ray a 
fourth spine is present a little way behind the foregoing on the aboral side of the plate, 
and on the innermost plates of all a fifth may also occur. The infero-marginal plates have 
a number of small, closely placed, papilliform squamules on the end adjacent to the adam- 
bulacral plates, but the rest of the plate is covered with membrane. 

The armature of the adambulacral plates consists of an inner or furrow series of five or 
six nearly equal and delicate spinelets, slightly clavate, cylindrical or subeompressed, which 
form a very slightly radiating fan. The second series usually consists of three spinelets, 
shorter and more compressed than the inner series, and with truncate tips ; and the third 
series of three or four similar spines. Irregularity frequently occurs in the arrangement of 
the second series. 

External to the adambulacral plate is a small intermediate plate, the series of which 
extends far along the ray ; these bear a compact group of six to eight spinelets, similar in 
every respect to the outer series of adambulacral spinelets, and from which they are 
indistinguishable on the outer part of the ray, forming together a common group. The 


REPORT ON THE ASTEROIDEA. 227 


interradial area is occupied by numerous small intermediate or ventral plates, all of which 
bear groups of spinelets similar to those above mentioned ; and most of the plates in a 
large specimen have a single flattened and pointed spinelet springing from the midst. 

The mouth-plates are elongate and ovoid, prominent, with a regular and conspicuous 
armature, consisting of a single line of short, robust, papilliform spinelets, slightly flattened 
and with rounded tops, arranged along the outer margin of the surface of the plate. The 
space between the companion series of a mouth-angle is wide and elliptical in outline. On 
the free side of the plate, and at a higher level, is a secondary series of small mouth-spines, 
closely apposed to the bases of the superficial series, which fit into the interspaces, and are 
almost invisible when viewed from above. The innermost mouth-spines are considerably 
longer than the papilliform superficial armature, and form a small fan of four parallel spine- 
lets at each mouth-angle, the outside spinelet at each side being shorter than the others. 

The madreporiform body is small, and situated rather nearer the margin than midway 
between it and the centre of the disk. 

Colour in alcohol, yellowish grey, with traces of a darker grey tint remaining here and 
there on the paxillar area. 

Locational Variation.—Two examples from Simon’s Bay are of much larger size than 
any of those which I have considered to be the type-form, and they are characterised by 
the presence of a small appressed spine on the supero-marginal plates on the lateral wall of 
the ray, near the rounding of the plate, and similar to the spines on the infero-marginal 
plates. The spinelet is wanting on a few plates in the interbrachial arc, and at the 
extremity of the ray. 

In a still larger specimen from Station 164, off Sydney, the rays are much broader and 
flatter in appearance than in the examples above mentioned, and the supero-marginal 
plates extend further on the abactinal surface, forming a comparatively broad border when 
seen from above ; and the single, delicate, appressed spine borne on the supero-marginal 
plates is even more elongate and conspicuous than in the specimens from Simon’s Bay. 

It is interesting to note that the South African form is distinctly intermediate in size 
and character between the New-Zealand and the Australian forms. Although the differ- 
ences in appearance between the two latter are very striking when viewed by themselves, I 
do not feel warranted under the circumstances, and with such a small supply of material at 
command, in marking any of these distinctions by name. When more specimens are avail- 
able, such a course may be found desirable. 

Localities—Station 167. North-west of Port Hardy, New Zealand. June 24, 1874. 
Lat. 39° 32’ 0” S., long. 171° 48’ 0” E. Depth 150 fathoms. Blue mud. Surface tem- 
perature 58°°5 Fahr. 

Station 164. South-east of Sydney. June 12, 1874. Lat. 34° 8’ 0” S., long. 
152° 0’ 0” EK. Depth 950 fathoms. Green mud. Bottom temperature 36°°5 Fabr. ; 
surface temperature 69°°5 Fahr. 
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Simon's Bay, Cape of Good Hope. (Depth and conditions not recorded.) 

Remarks.—This form is very nearly allied to the North-Atlantic species Psilaster 
andromeda. It may be distinguished by the infero-marginal plates at the base of the 
ray having three or four small flattened spinelets grouped in a slightly oblique series near 
the aboral end of the lateral margin; by the inner pair of mouth-spines being conspicuously 
larger than the rest ; and by the supero-marginal plates not encroaching conspicuously on 
the abactinal area on the outer part of the ray. 


3. Psilaster cassiope, nu. sp. (Pl. XLI. figs. 1 and 2; Pl. VIL. figs. 9 and 10). 


Rays five. R= 63 mm.; 7 =165mm. R<4r. Breadth of a ray near the base 
(between the third and fourth supero-marginal plates), 14°5 mm. 

Rays elongate and tapering ; attenuate towards the extremity but with the breadth 
diminishing very slightly along the inner half of the ray. Lateral walls rather high, well 
and equally rounded towards the abactinal and actinal surfaces, but nearly straight and 
vertical between these curves. Abactinal and actinal areas subplane, giving the rays a 
more or less depressed conico-cylindrical form. Interbrachial ares acutely but distinctly 
rounded. 

The abactinal paxillar area of the disk and rays is covered with numerous small and 
closely crowded paxillz. These are low and of uniform height throughout, and the larger 
ones consist of ten to sixteen very short, thick, papilliform spinelets, with one to three 
irregularly central, the whole forming a compact group, and looking more like rounded 
granules than papille. Excepting upon the central area of the disk, and along a narrow 
band-like strip in the median dorsal line of the rays, the paxille are arranged in very distinct 
and conspicuous transverse series, each series distinctly spaced from its neighbours, and 
with the paxille slightly elongate in the direction of the axis of the ray. The paxillee 
diminish slightly in size as they approach the margin, and also in the central area of the 
disk. 

The supero-marginal plates, thirty in number from the median interradial line to the 
extremity, form a broad and conspicuous border to the disk and rays. Midway along the 
ray the breadth is subequal to that of the intermediate paxillar area, and the latter con- 
tracts continuously up to the extremity ; the area is also at a slightly lower level than the 
marginal plates, and this, together with the well-rounded curvature of the latter, gives an 
emphatic character to the border. Except on the inner part of the ray the breadth is 
greater than the height, and is considerably greater than the length throughout. The 
abactinal and lateral planes of the plate are united by a full and well-rounded semicircular 
curve. ‘The two or three plates in the midst of the interbrachial are are shorter and less 
tumid in their curvature than the succeeding plates. ‘The surface of the plates is covered 
with rather large distinctly spaced granules, which become smaller, more crowded, and 
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papilliform along the transverse margins, thus emphasising the suture. No spines are 
borne on the supero-marginal plates. 

The infero-marginal plates correspond to the superior series, and their breadth is 
greater than either the height or the length; their surface is covered with granules 
apparently similar to those above described and of equal size, but which have a tendency 
to become scutiform as they approach the end of the plate adjacent to the adambulacral 
plates. Their length and posture is such that they have quite the appearance of granules, 
and their squambus character is only made out after careful examination. Lach infero- 
marginal plate bears normally a single small spinelet, which is short, tapering, slightly 
compressed, and appressed to the side of the ray. It is situated at the extreme margin of 
the ray, on the rounding which unites the actinal and lateral areas of the plate, and stands 
close to the aboral margin of the plate. On two or three of the plates in the interbrachial 
are a second and similar spine may be present, placed midway between the lateral spine 
and the inner end of the plate; and in very rare instances there may be one or even two 
small spines above the lateral spine, between it and the abactinal end of the plate, these 
spines being always at the aboral margin of the plate. 

The adambulacral plates are large, with a prominent angular margin towards the 
furrow. Their armature consists of an inner or furrow series of seven or eight short, 
delicate, cylindrical, equal spinelets, encased in membrane, but apparently without any 
saccular developments. On the actinal surface of the plate are one or two longitudinal series 
of three or four equal spines, slightly shorter than the inner series. There is frequently, 
however, irregularity in the disposition of these spinelets ; and the whole armature usually 
forms a wedge-shaped group, the arrangement of which is difficult to formulate. 

The mouth-plates are elongate and very narrow; their armature consists of a marginal 
series of sixteen to eighteen short, cylindrical, obtusely rounded or subclavate papille 
on each plate, which increase slightly in length as they approach the anterior end. The 
two innermost are longer and much more robust than the rest. On the actinal surface of 
the plate is a single uniserial row of low, broad, round-topped and slightly compressed 
papillz, about sixteen or eighteen in each series. These stand vertical, and the marginal 
series are closely appressed to their sides. 

The actinal intermediate plates, though confined to a very small area in the inter- 
radial region, extend far along the ray. Those near the adambulacral plates bear 
spinelets which are indistinguishable from the adambulacral armature, whilst those near 
the marginal plates, in the interradial area at least, become somewhat more papilliform, 
and though maintaining a strictly spinulate character, approach in a certain degree the 
squamulate form of the covering of the marginal plates. All these spinelets are covered 
with thin membrane, which has to some extent the peculiar fibrillar or matted character 
sometimes noticed in the Northern form, and many of the spinelets have the same 
agolomerated appearance suggestive of entangled foreign matter or tissue. 
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The madreporiform body is small, and but little more than its own diameter distant from 
the inner edge of the marginal plates. It is slightly below the level of the general paxillar 
area; and its surface is grooved by rather coarse but deep striation furrows. 

Colour in alcohol, a bleached yellowish white, with a deeper shade, verging on light 
brown, on the paxillar area. ' 

Locality.—Off the Cape Verde Islands. (Depth and conditions not recorded.) 

Remarks.—This species is unquestionably allied to Psilaster andromeda and Psilaster 
acuminatus, but is at once distinguished by the much greater breadth of the supero- 
marginal plates ; by the comparative smallness and regularity of the abactinal paxille ; by 
the single spine on the infero-marginal plates ; and by the character of the granulation of 
the marginal plates generally. 


4, Psilaster gracilis, n. sp. (Pl. XLI. figs. 5 and 6; Pl. XLII. figs. 9-11). 


Rays five R=65mm.,r=12 mm. R<55r. Breadth of the ray at the third 
supero-marginal plate, 11°5 mm. 

Rays elongate, narrow and tapering throughout to a finely pointed extremity, having 
a subcylindrical facies, slightly compressed. Abactinal area slightly convex and capable 
of inflation. Actinal area subplane. Lateral walls comparatively high and vertical. 
Interbrachial arcs open and widely rounded. 

The abactinal paxillar area of the disk and rays is covered with comparatively large 
and closely placed paxille. These are composed of very short, stumpy, papilliform spine- 
lets. Three to five are central, more robust than the rest, often almost granuliform, and 
about a dozen or more form the marginal series, all very short and radiating outward. In 
some of the paxillee the central spinelets are posed in such a way as to form incipient 
pedicellarize, in others three or four of the central spinelets are slightly longer, and are dis- 
tinctly pedicellarian in function. At the margin of the area an arrangement of the paxillee 
in transverse series may be observed, but is not very conspicuous at first sight, on account 
of the crowding of the paxillee, and is only well seen near the base of the rays. 

The supero-marginal plates, thirty-six in number from the median interradial line to 
the extremity, stand vertically, and, being confined entirely to the lateral wall of the 
ray, can hardly be said to have a distinct breadth on the abactinal area, excepting on the 
outer part of the ray, as they merge so gradually into the rounding of the lateral wall. 
On the outer part, however, they are more distinctly curved over and flattened on the 
abactinal area. The surface of the plates in relation to one another forms a continuous 
plane. On the inner part of the ray the height is about one-third greater than the length, 
and further outward than midway along the ray the dimensions are nearly subequal. The 
surface of the plates is closely covered with short obtusely tipped papilla, equal in length 
but slightly more robust along the median region of the plate; and all so closely placed 
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as to give the appearance of coarse velvet pile. The supero-marginal plates bear no 
spinelets. 

The infero-marginal plates correspond to the superior series, each plate being equal in 
length to its companion in the upper series. Their height, however, is slightly less, and 
they are well curved upon the actinal surface. Their surface is covered with short close- 
set papill similar to those on the supero-marginal plates, which become slightly larger 
and more spiniform at the end of the plate adjacent to the adambulacral plates. Each 
plate bears along the upper half of the aboral margin a series of four (normally, but some- 
times three) small tapering spinelets. The uppermost spine is the smallest, the rest sub- 
equal or with either the lowest or the median spine slightly longest. They are closely 
appressed to the side of the ray, and are directed at a slight angle upward : the position of 
the series on the plate being also sometimes very slightly oblique. 

The adambulacral plates are elongate, large, with a faintly convex margin towards the 
furrow. Their armature consists of a furrow series of six or seven rather long, delicate, 
cylindrical spinelets, equal in length, covered with membrane, and standing parallel to 
one another. ‘The series or “ combs” thus formed are distinctly spaced from the neighbour- 
ing series on adjacent plates. On the actinal surface of the plate and near to the marginal 
series is a longitudinal series of three or four spines, slightly shorter and more robust, 
widely and irregularly spaced ; and external to these is another longitudinal series of four 
or five similar spines, but even more irregular in disposition: indeed, so far is this carried 
in both cases that it is often impossible to distinguish any regular serial arrangement at all. 
Sometimes a few additional spinelets may be present, external to those above mentioned, 
and the grouped character becomes then more marked. These spinelets on the actinal 
surface of the adambulacral plate are covered with membrane like the marginal series, 
and they have generally a more or less straggling and irregular appearance. 

The mouth-plates are elongate and narrow, and the united pair form a convex keel 
actinally. Their armature consists of a marginal series of small, rather robust, and 
abruptly tapering spinelets, shorter than the marginal series on the adambulacral plates, 
about six or seven on the free margin of the plate, although others appear to continue the 
series up to the outer extremity of the plate. At the innermost point of each mouth-plate 
is one elongate, flattened and round-tipped mouth-spine, greatly exceeding any of the 
other spines in size, and the pair of spines at each mouth-angle are parallel to one another 
and directed towards the centre of the actinostome. At first sight these enlarged spines 
might be considered as the innermost spines of the marginal series above described, but I 
am doubtful whether this is really the case, as there is the singular occurrence in this form 
of a small group of short spinelets present on each plate at a still higher level than the 
foremost mouth-spines above mentioned, and this little insignificant group is further 
peculiar from the fact that it is not directed towards the centre of the actinostome, but in 
the direction of a line crossing the ambulacral furrow. If this group of small and abnor- 
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mally placed spinelets really belongs to the true marginal series it is probable that the 
prominent and enlarged mouth-spine should be reckoned as the foremost of the actinal or 
superficial series. On the actinal surface of each plate is a longitudinal series of eight to 
twelve rather robust and conically pointed spinelets, parallel to the median suture; and 
an intermediate series, fewer in number and more widely spaced, between these and the 
marginal series. 

The actinal intermediate plates are confined to a very small area in the interradial 
region, but I am unable to say from superficial observation whether their arrangement 
presents any regularity or not. Hach of the plates bears two or three short, robust, conical 
tipped spinelets, which have a more or less marked tendency to form a group. 

The madreporiform body is entirely obscured by paxille. 

Colour in alcohol, a dirty greyish white. 

Locality.—Station 237. Off the coast of Japan, south of Kawatsu. June 17, 1875. 
Lat. 34° 37/0” N., long. 140° 32’ 0” EB. Depth 1875 fathoms. Blue mud. Bottom 
temperature 35°°3 Fahr. ; surface temperature 73°°0 Fahr. 

Remarks.—Psilaster gracilis has a very different facies from any of the other species 
described, and it is not without hesitation that I have included it in the genus. It is at 
once distinguished by its narrow subcylindrical rays and widely rounded interbrachial 
ares; by the papilliform covering of the marginal plates ; by the large inner pair of mouth- 
spines ; and by the general character of the actinal spinulation. 


5. Psilaster patagiatus, n. sp. (Pl. XLI. figs. 3 and 4; Pl. VII. figs. 11 and 12). 


Rays five. R=79 mm.; r=20 mm. R<4r. Breadth of a ray near the base 
(between the second and third supero-marginal plates), 19°5 mm. 

Rays elongate, broad at the base, and tapering continuously and gradually up to the 
extremity. General form comparatively flat and depressed. Abactinal and actinal areas 
subplane. Interbrachial arcs widely open and rounded. 

The abactinal paxillar area of the disk and rays is covered with numerous, rather large, 
distinctly spaced paxille. These are composed of very small, short, delicate, cylindrical 
spinelets, three to five or rarely more being central, and surrounded by a marginal 
circle of about a dozen; the latter, instead of radiating outward as usual in paxille, 
have a slight inclination inward, which gives the groups a more or less closed and highly 
characteristic appearance. By this means the papule, which are remarkably small, are 
all exposed to view. In some of the paxillee three or four of the central spinelets are 
slightly enlarged, and appear to form a pedicellarian organ. Along the margin of the area 
the paxille are arranged in very regular transverse series ; but there is no definite order 
along the median radial line or in the central area of the disk. 

The supero-marginal plates, thirty in number from the median interradial line to the 
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extremity, form a broad and conspicuous margin to the disk and rays. ach plate is 
slightly tumid ; and midway along the ray their breadth is greater than that of the paxillar 
area, the latter contracting outwardly into a mere narrow strip. The length of the 
plates is about two-thirds of their breadth, and their height is about one-half the breadth. 
The abactinal and lateral areas of the plate are united by a well-rounded curve: the 
tumidity above mentioned being conspicuous there. The surface of the plates is covered 
with low, robust, granuliform papille, which become small and crowded in the regions of 
the transverse margins, there being a great disparity in size between these and the robust 
granule-like papilla along the median line of the plate. ‘his disparity, however, may 
vary in degree ; and sometimes one or more of the papilla on the tumidity or rounding 
are larger than the rest, and even simulate a small supero-marginal tubercle or low conical 
spinelet. The majority of the supero-marginal plates bear one or even two pedicellarice 
of simple formation, but each in relation with a pit in the plate, and frequently simulating 
very suggestively some of the foraminal or “excavate” forms of the organ found in the 
Pentagonasteridz and allied families. 

The infero-marginal plates correspond exactly to the superior series, and their breadth 
on the actinal area is as great as that of the superior series on the abactinal area. 
Their surface is covered with papillz, which become large, flattened, and squamiform in 
the median region of the plate towards the end adjacent to the adambulacral plates. Hach 
plate bears at the upper end on the aboral margin a slightly oblique row of three small, 
delicate, cylindrical, tapering spinelets, standing close together, subequal, rather longer 
than the plate, and appressed to the side of the ray. On the inner half of the ray there is 
frequently one or even two similar spinelets on the aboral margin of the plate between this 
series and the end of the plate adjacent to the adambulacral plates, but always widely 
separate. Sometimes four spinelets are present in the oblique lateral series, the upper- 
most being rather smaller than the others. 

The adambulacral plates are large and massive, rather longer than broad, and with a 
shghtly convex margin towards the furrow. Their armature consists of a furrow series of 
ten long, thin, very delicate, cylindrical spinelets, subequal in length, which is about 
equal to that of the plate, and standing subparallel. In a large example these spinelets 
are slightly compressed laterally, and all are covered with a very thin membrane. On the 
actinal surface of the plate are about three irrecular longitudinal rows of spinelets, with 
five or six in each, which are short, tapering, pointed, and covered with membrane, the 
whole forming a group rather than recular series. ‘The length of the spinelets on the 
actinal surface of the plate is much shorter than that of the furrow series, and diminishes 
as the spinelets recede from the furrow. 

The mouth-plates are elongate and narrow, and the united pair are subelliptical and 
prominent actinally. Their armature consists of a marginal series of very small, short, 
tapering, and rather widely spaced spinelets, which are closely appressed to the superficial 
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series ; the innermost spine on each plate is greatly enlarged, and forms with its companion 
a robust pair directed horizontally inward at each mouth-angle. On the actinal surface of 
each plate are two longitudinal series of short, stumpy papillz, the innermost two or three 
rather more elongate than the rest, and all covered with membrane. 

The actinal intermediate plates are confined to a small area in the interradial region, 
where they are arranged in regular columns or series parallel to the median interradial 
line ; and they do not extend along the ray further than the ninth adambulacral plate, or 
the fifth infero-marginal plate. They bear a number of short skin-covered spinelets, simi- 
lar to those on the actinal surface of the adambulacral plates, and, as these are more or 
less grouped together, the separate plates remain distinguishable. 

The madreporiform body is very small, situated about midway between the margin and 
the centre of the disk. Its surface is grooved by comparatively few coarse striation 
furrows, and in the central region of its surface there is a tendency towards the develop- 
ment of a few isolated granules upon the intervening dissepiments. 

Colour in alcohol, a bleached yellowish white. 

Locality.—Off the Cape Verde Islands. (Depth and conditions not recorded.) 

Remarks.—This is a very abnormal Astropectinid, and I feel great doubts as to 
the correctness of referring it to the genus Psilaster. The form presents several points 
of affinity to the Archasteride, but I am unable to include it in any of the genera belong- 
ing to that family. Under the circumstances I consider it better to refrain from con- 
stituting a new genus for the reception of this single species until more is known of its 
structure, 

The species cannot be mistaken for any of the other forms of Pszlaster; the broad and 
distinctly tumid marginal plates, the presence of the incipient pedicellarie, the character of 
the paxille, and the armature of the infero-marginal plates readily distinguish it. 


Genus Phowaster, Sladen. 
Phoxaster, Sladen in Narr. Chall. Exp., 1885, vol. i. p. 611. 


Disk small. Rays moderately elongate, robust and tapering. Lateral walls high and 
nearly vertical. 

Marginal plates short and high, confined to the lateral wall. Superior and inferior 
series correspondent. The surface of both series of plates is covered with short, uniform, 
flat-lying squamiform papille. No large or prominent spines are normally present. 

Abactinal area with small compact paxille, composed of short skin-covered papillee, 
which fit together subprismatically. A small but prominent and well-defined conical 
epiproctal protuberance is present in the centre of the disk. 

Actinal interradial areas small in the interbrachial region, but a series of narrow band- 
like plates extends along the ray, nearly to the extremity, separating the adambulacral 
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from the infero-marginal plates. All these actinal intermediate plates bear uniform 
squamule-like papilla invested with membranous sacs. 

Adambulacral plates large and pentagonal in shape. Armature consisting of :—(1.) 
An angulated furrow series of five short, subequal, papilliform spinelets, the median one 
being triangular in section. (2.) On the actinal surface two longitudinal series of short, 
flattened spinelets, the inner series often disposed in such a manner as to close against the 
furrow series, thus forming perhaps an incipient pedicellarian apparatus. All the spinelets 
are in membranous sheaths. 

Madreporiform body small, oval, and situated about its own diameter distant from the 
margin of the paxillar area. 

No pedicellarize are present. 

Remarks.—This genus is distinguished from Bathybiaster by the presence of the 
epiproctal cone, and by the absence of the pedicellarize which specially characterise the 
latter form. 

The genus I/yaster, established by Danielssen and Koren’ for the reception of a small 
Asterid furnished with a remarkably developed epiproctal prolongation, dredged during 
the Norwegian North Atlantic Expedition, is probably more nearly related to this genus 
than to any other form with which we are acquainted. So far as ] am able to judge from 
the description and figures alone, the position of Jlyaster in the tabular scheme of the 
family would probably be adjacent to Phoxaster, and perhaps intermediate between that 
genus and Bathybiaster. It differs from Phowaster by the extraordinary development of 
the “dorsal appendage” and by the character of the armature of the adambulacral plates ; 


furthermore, as no mention is made in the careful description given by its authors of any 
special membranous investment of the general tesumentary spinulation or granulation, 
Ilyaster probably differs in that respect also. 

Respecting the dorsal appendage, it may be remarked that the difference in the relative 
size of that structure in J/yaster and Phoxaster is not greater than that existing between 
different species belonging to the genus Porcellanaster; for instance, between Porcel- 
lanaster ceruleus and Porcellanaster caulifer. The structure of the prolongation, 
however, would appear to be much more specialised in I/yaster than in Phowxaster. I 
fully share with the learned describers of J/yaster their doubt as to its being an adult 
form. 

I have on a preceding page (pp. 131, 132) stated my opinion that this elongate 
epiproctal prolongation is in no way homologous to the stem of a Crinoid, as maintained 
by Drs Danielssen and Koren.” 

1 Nyt Mag. f. Naturvidensk., Bd. xxviii, Iste Hefte, p. 4, tab. i. 11. figs. 15-19; Den Norske Nordhavs- 


Expedition, 1876-78, Zoologi, xi. Asteroidea, 1884, p. 100, tab. vii. figs. 15-19. 
2 Loe. cit., pp. 102, 103. 
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Chorology of the Genus Phoxaster. 
a. Geographical distribution :— 


ATLANTIC: One species between the parallels of 35° and 45° N. 


Phoxaster pumilus off the eastern coast of the United States of 
North America. 


8. Bathymetrical range: 1240 to 1700 fathoms. The form is thus confined to the 
Abyssal zone. 


y. Nature of the Sea-bottom: Blue mud. 


Chorological Synopsis of the Species. 


Ocean. Range in Fathoms. | Nature of the Sea-bottom. 


ls 
| 
| Phowxaster pumilus . : . | Atlantic. 1240 to 1700 | Blue mud. 


1. Phoxaster pumilus, n. sp. (Pl. XL. figs. 3-6; Pl. XV. figs. 7-11). 


Rays five. R=31 mm.; r=75 mm. R>4r. Breadth of a ray at the third 
supero-marginal plate, 7 mm. 

Rays moderately elongate and robust, tapering from the base to the extremity, which 
is rather abruptly pointed. Lateral walls high and nearly vertical. Abactinal area 
subplane, with a prominent and well-defined, though small, epiproctal protuberance. 
Actinal area merging into the rounding of the lateral wall. Interbrachial arcs acutely 
rounded. 

The abactinal paxillar area of the disk and rays is covered with numerous small, com- 
pact paxille. These are composed of four to seven short, equal, truncate, granuliform, 
skin-covered papillze, which fit close together subprismatically, with one often central in 
the larger paxille, but by no means invariably. The paxille diminish in size as they 
approach the centre of the disk, and become almost indistinguishable on the central peak- 
like protuberance. A more or less regular arrangement in transverse series may be 
distinguished at the margin along the inner half of the rays, the successive series being 
more widely spaced than the paxillze in each series. 

The supero-marginal plates, forty in number from the median interradial line to the 
extremity, are very short and high, standing vertically, and confined entirely to the lateral 
wall of the ray, forming, however, an abrupt, sloping, and rounded bevel to the abactinal area. 
In relation to one another the surface of the plates forms a continuous plane. On the inner- 
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most plates of the ray their height is fully three times the length, and diminishes gradually 
and slowly up to the extremity, the height being the greatest dimension throughout. The 
surface of the plate is covered with short, comparatively large, uniform, flat-lying, 
squamiform papillew, three to four vertical series occupying the whole length of the plate. 
Normally the supero-marginal plates are entirely devoid of true spinelets, but six or eight 
on each side of a ray may bear a very small upright thornlet, little larger than the 
squamules, standing upright on their abactinal margin ; most of these are on successive 
plates, the series usually terminating about midway between the extremities. 

The infero-marginal plates correspond exactly to the superior series, their length is 
the same, and their height is perhaps a shade greater than that of the companion plate. 
Their surface is covered with precisely similar squamules ; indeed, so uniform is this cover- 
ing that it is very difficult to make out superficially where the junction of the superior and 
inferior plates exactly is. The infero-marginal plates are destitute of any true spines. The 
infero-marginal plates are confined entirely to the lateral wall of the ray, and do not curve 
upon the actinal surface. 

The adambulacral plates are large and pentagonal in shape, with a prominent angular 
margin towards the furrow. Their armature consists of a furrow or marginal series of five 
short, subequal, papilliform spinelets, which stand vertically, the median one being sub- 
triangular in section, having two sides conformable with the facets of the plate which form 
the angular prominence above mentioned. At each end of the series stands another spine- 
let, which might at first sight be ranked as belonging to the furrow series, but they 
stand on the actinal surface of the plate. On the actinal surface of the plate, behind the 
furrow series, are two or three short, flattened, and almost squamule-like spinelets, form- 
ing a somewhat irregular line with the two spinelets just mentioned ; and these are often 
posed in such a manner as to close against the marginal series, and may thus form perhaps 
an incipient pedicellarian apparatus. External to this is a more or less regular longi- 
tudinal series of three or four similar papilliform spinelets. All these spinelets are in 
membranous sheaths, and are very stumpy, papilliform, and often compressed. 

The mouth-plates are very elongate and narrow, and the united pair extend far over 
the actinostome. Their armature is very simple, and consists of a marginal series of ten 
or eleven small, subequal, compressed, obtuse, papilliform spinelets on each plate, standing 
vertically ; the series extending fully two-thirds the length of the plate. The innermost 
spinelet in each series is more than twice the size and length of the others, and these form 
a prominent parallel pair at the mouth-angle, directed at a slight angle over the actino- 
stome. On the actinal surface of each plate is a single longitudinal series of about twelve 
or thirteen short, robust, and rounded papilla, which become very low and almost granular 
at the outer end of the plate. These two series constitute the whole armature of the plate. 

The actinal intermediate plates, though occupying a very limited area in the interradial 
region, extend very nearly to the extremity of the ray, being, however, on the outer part 
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of the series mere band-like strips, and finally become gradually more or less aborted until 
they disappear altogether. These plates bear uniform and more or less squamule-like 
papillee, invested with membranous sacs, and scarcely distinguishable from the covering 
of the marginal plates, with which they appear to form a continuous series, and also with 
the armature of the adambulacral plates. 

No anal aperture is distinguishable. The central epiproctal prolongation is conical and 
well-defined, rising abruptly from the general paxillar area to a height of about 1°5 mm. 

The madreporiform body is oval, and is situated at about its own diameter distant from 
the margin of the paxillar area. Its surface is traversed by very few, widely spaced 
furrows, convolution being chiefly limited to the two extremities of the oval, and a 
consequently simple appearance results. 

Colour in alcohol, a bleached yellowish white. 

Young Phase.—A smal] example from Station 46 (R = 15 mm., r = 5 mm.), which 
I first thought might be a distinct species, I now place provisionally as the young of 
Phoxaster pumilis. It accords in all essential points with the form above described, but 
in comparison presents the following differences. The tapering of the rays is more abrupt ; 
the paxillar area is less contracted—the marginal plates being scarcely visible when viewed 
from above, so slight is their curvature, and the paxille are composed with great regularity 
of four truncate and compactly fitting papilla ; occasionally there are only three, but it is 
very rare to find cases of more than four. The armature of the adambulacral plates is 
rather simpler, but fully conforms to the general character and arrangement seen in the 
adult. The epiproctal cone is quite as large as in the much larger example, and is conse- 
quently more conspicuous. The general abactinal area is slightly inflated. The ocular or 
terminal plates bear three prominent spinelets, one central in the median abactinal line, the 
others lateral. 

Colour in alcohol, a slightly bluish grey shade over the paxillar area. 

Localities.—Station 44 or 45. 

Station 44, Off the coast of North America, east of Maryland. May 2, 1873. 
Lat. 37° 25’ 0” N., long. 71° 400” W. Depth 1700 fathoms. Blue mud. Bottom tem- 
perature 36°°2 Fahr.; surface temperature 56°°5 Fabr. 

Station 45. Off the coast of North America, east of Delaware. May 3, 1873. Lat. 
38° 34’ 0” N., long. 72° 100” W. Depth 1240 fathoms. Blue mud. Bottom tem- 
perature 37°°2 Fahr. ; surface temperature 49°°5 Fahr. 

Station 46. Off the coast of North America, east of New Jersey. May 6, 1873. 
Lat. 40° 17’ 0” N., long. 66° 48’0” W. Depth 1350 fathoms. Blue mud. Bottom 
temperature 37°°2 Fahr. ; surface temperature 40°°0 Fabr. 
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Genus Bathybiaster, Danielssen and Koren. 


Bathybiaster, Danielssen and Koren, Nyt Mag. f. Naturvidensk., 1883, Bd. xxvii. 4. Hefte, p, 285 ; Den Norske 
Nordhavs-Expedition, 1876-78, Zoologi, xi. Asteroidea, 1884, p. 94. 


This genus was established by Danielssen and Koren for a North Atlantic Asterid 
which had previously’ been described by them under the name of Astropecten pallidus. 
The structure and character of the genus and species are fully discussed and admirably 
illustrated in their monograph of the Asteroidea collected by the Norwegian North Atlantic 
Expedition. 


Chorology of the Genus Bathybiaster. 


a, Geographical distribution :— 


ATLANTIC: Two species between the parallels of 60° and 80° N. 
Bathybiaster pallidus off the Norwegian coast and Spitzbergen. 
Bathybiaster vexillifer in the Faerée Channel. 


Pactric: One species between the parallels of 45° and 55° 8. 
Bathybiaster loripes off the western coast of South America, near 
the entrance to the Strait of Magellan. 


SourHerN Ocean: One species between the parallels of 45° and 55° S. 
Bathybiaster loripes, var. obesa, off Kerguelen and Heard Island. 


6. Bathymetrical range: 75 to 1215 fathoms. 
Greatest range of one species: Bathybiaster pallidus, 412 to 1215 fathoms. 


y. Nature of the Sea-bottom: Bathybiaster loripes is found on Blue mud, and Bathy- 
biaster loripes, var. obesa, on Voleanic mud. Bathybiaster pallidus is found 
on Clay, and in its greatest depths on Biloculina clay. 


Chorological Synopsis of the Species. 


Ocean. Range in Fathoms. Nature of the Sea-bottom. 
Bathybiaster loripes , 5 . | Pacific. 245 Blue mud. 
Bathybiaster loripes, var. obesa. | Southern Ocean. 75 to 120 Volcanic mud. 
Bathybiaster pallidus, . | Atlantic. 412 to 1215 Clay. 
Bathybiaster veaillifer . . | Atlantic. 35 |S cece: 


1 Nyt Mag. f. Naturvidensk., 1877, Bd. xxiii. 3die Hefte, p. 62, tab. i. figs. 1-7. 
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1. Bathybiaster loripes, n. sp. (P]. XXXVI. figs. 1 and 2; Pl. XLII. figs. 1 and 2). 


Rays five R=82 mm. r=14'5 mm. R>55 yr. Breadth of a ray near the base 
(between the third and fourth supero-marginal plates), 15 mm. 

Rays moderately elongate, tapering continuously from the base to a finely pointed 
extremity. Lateral walls high and nearly vertical. Interbrachial arcs acutely rounded. 
Abactinal surface slightly inflated over the disk, and very slightly convex along the rays. 
Actinal surface of the rays convex and merging gradually into the lateral wall, which 
gives the rays a distinctly cylindrical appearance when viewed from below. On the other 
hand, when seen from above they appear more or less flat in consequence of the small 
degree of convexity of the abactinal area. 

The abactinal surface of the disk and rays is covered with numerous rather small and 
closely crowded paxille. These are low and of uniform height throughout, and consist of 
seven to twelve small, very short, clavate or flaring, skin-covered, papilliform spinelets 
—one or two irregularly central, and the whole forming a more or less compact and flat- 
topped group, Often two or three thinner and more delicate spinelets may be seen on the 
outside of the group. The paxillee diminish in size in the central area of the disk, and in 
the immediate centre become extremely small and indistinguishable as separate paxillee ; 
there is also a more or less strongly marked tendency to develop a conical prominence 
in the centre of the abactinal area. The paxillee gradually diminish in size as they pro- 
ceed along the ray, and become very small at the extremity. A more or less clearly 
defined arrangement in transverse lines is discernible at the sides of the paxillar area 
along the ray, but along the median line no order can be made out, nor are the paxille 
there distinguished by any difference in size. 

The supero-marginal plates, sixty-two in number from the median interradial line to 
the extremity, are confined entirely to the lateral wall of the ray ; they are high and short, 
the height being more than twice the lenoth. On the inner part of the ray the height is 
even three times the length and sometimes more. The surface of the plates is covered with 
small, uniform, squamiform papillee, covered with membrane, which are more or less 
closely appressed to the surface, their direction being upward, or towards the abactinal 
surface ; and the squamules along the margins of the plate have a slight inclination over 
the suture-line, which is thus emphasised superficially. At the extreme abactinal edge of 
the plate is a short, conically-outlined but flat and squamule-like spinelet, very little 
longer than broad, which is directed perpendicularly to the plane of the abactinal surface, 
and to which this series of spinelets forms a well-defined boundary. 

The infero-marginal plates correspond exactly to the superior series, their length is the 
same and their height subequal to those above described, or slightly less on the inner part 
of the ray. The surface of the plates is covered with squamule-like papille similar to those 
on the supero-marginal plates, and there is a similar small, short, flat, pointed and squamule- 
like spinelet close to the abactinal edge of the plate; the series of these forming along 
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the ray a longitudinal line which indicates the division of the superior and inferior series 
of plates. At the actinal edge of the plates is a slightly longer, though still very short, 
flattened and lancet-like spinelet ; and the series of these is likewise continuous throughout 
the ray. In large examples, on the innermost ten or twelve plates, may be found a short 
flattened, squamule-like spine similar to those above described, placed on the middle of 
the plate, both in the superior and inferior series, forming two exactly intermediate short 
incipient series. 

The adambulacral plates are rather large and long, with a prominent ancular margin 
towards the furrow. Their armature consists of an inner or furrow series of five remark- 
able spinelets enveloped in membrane. The median spinelet is the longest, and is directed 
over the furrow at a right angle to the direction of the ray. It is compressed laterally, 
more or less curved, often truncate at the extremity, and resembles a scimitar with 
broad and flaring blade. The spinelet on each side is usually peculiarly curved, suggest- 
ing the shape of a boomerang, and is flattened in the direction of the ray and has its 
convexity turned towards the median spinelet. Often these spinelets appear clavate in 
consequence of the fulness of the membranous sac in which they are encased. The outer 
spinelet on each side is rather smaller than those just described, and has with its investing 
membrane a distinctly papilliform character. On the actinal surface of the plate are 
normally three longitudinal series of flattened squamiform papillee, covered with mem- 
branous sacs, all of uniform height, often somewhat irregular in position, and with three 
to six in each series, the lines being often badly defined, These papille are similar in 
character to, and indistineuishable from, those on the actinal intermediate and infero- 
marginal plates: indeed, when viewed superficially, it is usually impossible to say where 
the one series ends and the other begins. 

The mouth-plates are elongate and very narrow, the united pair having a long fusi- 
form outline. Their armature consists of a marginal series of sixteen to eighteen short, 
cylindrical, obtusely-rounded papillz on each plate, increasing slightly in length as they 
approach the anterior end ; the innermost two are larger than the rest, often more or less 
curved; and the innermost frequently has a boomerang form with its convexity directed 
towards the corresponding spinelet of the companion plate, producing a character at once 
conspicuous and remarkable. On the actinal surface of each plate is a single uniserial row 
of low, broad, round-topped, transversely compressed, and closely crowded papilla. About 
sixteen or seventeen papillz are in each series, and their breadth is nearly as great as that 
of the plates; the marginal series above noticed stand vertically and are appressed to the 
side of the superficial series. All the papille are invested with membrane. 

The actinal interradial areas are narrow, but are occupied by numerous small imbricating 
intermediate plates; and these extend nearly to the extremity of the ray, in the form of 
elongate narrow plates intermediate between the adambulacral and infero-marginal plates. 
They bear skin-covered papillz precisely similar to those on the adambulacral and infero- 
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marginal plates, the whole forming a uniform covering which prevents the possibility of 
distinguishing the individual plates on superficial examination. Some of these papillze 
appear to simulate incipient pedicellariz, but their character is not well defined. 

The madreporiform body is small and oval, situated a little on the outer side of a point 
midway between the margin and the centre of the disk ; and its surface is grooved with 
comparatively few, narrow, highly convoluted, and irregular striation furrows, wide apart, 
causing it to have a rather coarse appearance. 

Colour in alcohol, a bleached yellowish grey ; sometimes with traces of a dark brown 
or faded purple shade on parts of the paxillar area, which lead to the inference that that 
might probably have been the original colour. 

Locality.—Station 311. Off the western coast of South America, near the entrance to 
the Strait of Magellan, opposite Port Churruca. January 11, 1876. Lat. 52° 45’ 30” S., 
long. 73° 46’ 0” W. Depth 245 fathoms. Blue mud. Bottom temperature 46°0 Fahr. ; 
surface temperature 50°°0 Fahr. 

Remarks.—The peculiar skin-covered papillze or spinelets, regarded by Danielssen and 
Koren? as sessile pedicellarie in their admirable description of Bathybiaster pallidus, 
seldom seem in this species to appear so pedicellaria-like, or to be so highly specialised, as 
those described in the North-Atlantic form. I have therefore refrained from speaking 
of them definitely as pedicellarize in the foregoing description. When, however, the 
voluminous membranous sac which invests each papilla or spinelet is folded, or injured 
at the extremity by slight breakage, the superficial resemblance is very striking to the 
structures described by the Norwegian naturalists. In some of the examples before me, 
the injury tothe sac (in the form of a transverse slit) appears to have taken place during 
the life of the animal, probably by abrasion when passing over some rough surface, and 
the margins of the break are somewhat thickened, as if during subsequent healing. 

The median spinelet in the furrow series of the adambulacral armature is not so highly 
specialised in the Southern as in the Northern form. It distinctly simulates, however, its 
character, the spinelet being covered with an extensive sac in which sometimes a supple- 
mentary calcareous lamina is present. The papule on the paxillar area may, under 
favourable circumstances, be well seen in the Southern form. 

Notwithstanding these differences, after reviewing its structure as a whole, I feel little 
hesitation in referring the present species to Danielssen and Koren’s well-defined genus 
Bathybiaster. 


la. Bathybiaster loripes, var. obesa, nov. 


In a large series of examples from Kerguelen and Heard Island several small variations 
in detail may be noticed, which from their constancy appear worthy of special recognition. 


1 Loc, cit., pp. 90-92. 
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It may be observed that the Southern-Ocean forms, when compared with those from South 
America, have the rays broader at the base, and though relatively shorter are rather more 
distinctly cylindrical, the union of the abactinal and lateral areas being less angular and 
less conspicuous. The abactinal area is habitually much more inflated, which gives the 
variety a conspicuously puffed-up appearance. The small isolated spinelets or enlarged 
squamules on the marginal plates are smaller and less developed; and in young examples 
may be absent altogether from the infero-marginal plates and represented on the summit 
of the supero-marginal plates by a squamule only very slightly greater than those forming 
the rest of the covering of the plates. The peculiar curvature of the lateral spine- 
lets in the adambulacral armature is less pronounced and is often scarcely noticeable. 
These modifications, viewed in conjunction with their constancy and the wide separation 
of the localities, appear to me, after a careful study of a large series of examples, sufficient 
to warrant the recognition of the variety by name. The colour in alcohol of the variety is 
also different, being of a warmer shade, approaching pink or light pinkish brown. 

An example from Heard Island dredged in 75 fathoms is fully twice as large as the 
generality of specimens belonging to this species collected during the Expedition. In the 
two examples from this locality the rays are not relatively so broad at the base as in the 
Kerguelen specimens, and are more angular at the junction of the abactinal and lateral 
areas: they have notwithstanding the “obese” appearance ; and I have provisionally 
ranked them with the variety. Their colour in alcohol is somewhat darker. 

Localities.—Station 1494. Off Cumberland Bay, Kerguelen Island. January 29, 
1874. Depth 127 fathoms. Volcanic mud. 

Station 151. Off Heard Island. February 7, 1874. Lat. 52° 59’ 30” S, long. 
73° 33’ 30” E. Depth 75 fathoms. Volcanic mud. Surface temperature 36°°2 Fahr. 


2. Bathybiaster veaillifer, Wyville Thomson, sp. 
Archaster vexillifer, Wyville Thomson, 1873, The Depths of the Sea, p. 150, fig. 25. 


Locality.— Porcupine” Expedition : 

Station 76. 1869. In the Faerée Channel. Lat. 60° 36’ N., long. 3°58’ W. Depth 
344 fathoms. Bottom temperature—1°:1 C.; surface temperature 10°°1 C. 

Remarks.—This species is included here on the strength of the description and figure 
given by Sir Wyville Thomson. I have never seen the type or any other specimen from 
the “ Porcupine” collection which can be referred to it. Danielssen and Koren! have 
already pointed out the probability that the form belongs to this genus, a view in which I 
entirely concur, so far as judgment can be drawn from the description and woodcut pub- 
lished in The Depths of the Sea. Viguier,” on the other hand, has expressed the opinion 


1 Den Norske Nordhavs-Expedition, 1876-78, Zoologi, xi, Asteroidea, 1884, p. 94. 
* Archives de Zool. expér. 1878, t. vii. p. 240. 
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that the form should be referred to Astropecten, if the figure is correct. This view appears 
to me altogether untenable, unless the description is also wrong. 

There are several starfishes in the Museum at Stockholm, which are referred to this 
species, and in my opinion correctly, so far as my knowledge, limited to the description of 
Thomson's type, justifies such an expression. I have not, however, examined the specimens 
with reference to microscopic details, and therefore confine myself to the simple statement 
of their existence. The examples in question, which were collected by the “ Ingegerd ” 
and “Gladan” Expedition in 1871, were dredged in Baffin’s Bay, lat. 67° 26’ N., long. 
58° 29’ W., at a depth of 692 fathoms, and off Omenak, on the west coast of Greenland, 
in 122 fathoms. | 


Subfamily Lurpin#, Sladen, 1887. 


Genus Luidia, Forbes. 


Luidia, Forbes, Mem. Wern. Soc., 1839, vol. viii. p. 123. 
Hemicnemis, Miiller and Troschel, Monatsber. d. k. Akad. d. Wiss. Berlin, 1840 (April), p. 105. 
Petalaster, Gray, Ann. and Mag. Nat. Hist., 1840 (November), vol. vi. p. 183. 


This well-known and sharply defined genus constitutes a very distinct type, the char- 
acters of which are remarkably constant and subject to comparatively slight modification, 
as exhibited in the range of species at present known. 

Two points in the morphological structure of Zuidia, which are highly significant from 
a phylogenetic point of view, may here be referred to in justification of the course I have 
taken in placing the genus in a distinct subfamily. The first is the correspondence of the 
infero-marginal and adambulacral plates, and the second is the presence of a small inter- 
mediate plate between each infero-marginal and adambulacral plate. The correspondence 
of the infero-marginal and adambulacral plates has already been noticed by Alex. Agassiz? 
and Viguier ;* but the intermediate plate, notwithstanding its importance from a systematic 
point of view, has strangely hitherto been overlooked by all observers: in fact, the asser- 
tion of its presence is in direct opposition to the statements of other writers on the group. 
Thus Viguier,’ who has made a careful study of the details of the Asterid skeleton, states 
that in Luidia the marginal and adambulacral plates alone constitute the actinal skeleton 
of the rays, and that it is only in the interradial angles that intermediate plates—smaller 
and less numerous than in Astropecten—are intercalated between the two series. The same 
opinion is held by Perrier,’ who, in his recent work on the Asteroidea of the “Blake” 
Expedition, regards the contiguity of the marginal and adambulacral plates as a character 
diagnostic of the family Astropectinidse, the genus Lwidia being included in this category. 

In the face of these statements I should have hesitated in according a special import- 

1 North American Starfishes, Mem. Mus, Comp. Zool., Harvard, vol. v. No. 1, 1877, p. 117. 
* Archives de Zool. eapér., 1878, t. vii. p. 228. 
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* Nouv. Archives Mus. Hist. Nat., 2e Série, 1884, t. vi. p. 266. 
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ance to the plate in question if my observations had been limited to a single species, but 
I have detected the presence of the intermediate plate in every species I have examined 
critically (small and more or less aborted in some cases it is true, but present in all); and 
I can assert its existence in all the forms included in the following synoptic table :— 


Synopsis of the Species included in the Genus Luidia herein described. 


A. Certain paxille bearing a large central spine on the tabulum. 
a. Rays eight to ten. Spine-bearing paxille separated from the marginal plates by 
three longitudinal series of plain paxille. Plain paxille on the median 
area of the ray with several papilliform granules on the tabulum, scarcely 
larger than the encircling series. Infero-marginal plates with five spines 
gradually increasing in size as they approach the margin of the ray. 
Often two pedicellarie behind, and forming a serial line with, the spines 
composing the adambulacral armature. : aspera. 
b. Rays five. Spine-bearing paxille separated from ce fare sal pintes ie = 
longitudinal series of plain paxille. Plain paxille on the median area 
of the ray with one large tubercle-like central granule. Infero-marginal 
plates with the lateral (and sometimes a second spine) much longer than 
the others. One pedicellaria behind the adambulacral armature, and often 
absent . 5 : : ; : : 5 : 5 : alternata. 
B. Paxille without a large central epinelée 
a. Paxille with a quadrate tabulum. 
a, Lateral spine very short, compressed and robust. Forficiform pedicellaria 
on the infero-marginal plates. Valvate pedicellariz above the infero- 


marginal plates. : 0 » 6 j : ; : limbata. 
b. Lateral spine long, delicate, Gao No forficiform pedicellarie on the 
infero-marginal plates, No valvate pedicellaria present . ; F clathrata. 


b. Paxille with a stellate crown. 
a. Adambulacral armature forming a single transverse series continuous with 
the spines on the infero-marginal plates. 
@, Seven rays. Pedicellarie three-jawed. 

i. One spine on the actinal area of the adambulacral plates, 
long, robust, cylindrical, sometimes with a small unequal 
companion. Pedicellariw very large, three-jawed, nut- 
shaped, very broad at the base, nearly as broad as long. 
Infero-marginal plates with three or four spines, the 
outer two or three subequal, the lateral or median one 
the longest . 5 : : , . : 5 ciliaris, 

8. Five rays. Pedicellari two- nee 

i. One spine on the actinal area of the adambulacral plates. 
Pedicellarie long and spine-like. 

1. The actinal spine of the adambulacral armature short, 
robust, conical. The pedicellarie with delicate 
spine-like jaws. Infero-marginal plates with three 
spines, the lateral one long, the other two much 
smaller, less than the actinal spine of the adambu- 
lacral armature . : : ; longispina. 

. Two spines on the actinal area of the raseeeclacral plates. 
Pedicellarie short and papilliform. 
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1. Actinal spines of the adambulacral armature very long, 
equal, delicate, needle-like, and slightly curved. 
Pedicellariz very small, resembling clavate papille. 
Infero-marginal plates with three spines, the lateral 
and median one long and equal, the inner one 
rather shorter. Rays long and gradually tapering. 
Paxillee with no robust central spinelet, but some- 
times two or three of the same size as the encircling 
series : : : : ; 5 ‘ : africana. 
2. Actinal spines of the adambulacral armature, short, 
cylindrical, equal, delicate. Pedicellarie very few, 
small, papilliform. Infero-marginal plates with 
three spines, the lateral and median one long and 
equal, the inner one smaller. Rays short and 
abruptly tapering. Paxille with a short robust 
central spinelet. . : : : ¢ . 
b, Adambulacral armature not forming a single transverse series continuous 
with the spines on the infero-marginal plates. 

a. Paxille at the sides of the rays with a slightly quadrate character. 
A large pedicellaria accompanies the outer spinelet on the 
actinal surface of the adambulacral plates ; the pedicellaria and 
spine standing as a pair side by side behind the single median 
and furrow spines 5 : : 3 ; : . : Forficifer. 


sarsi. 


Chorology of the Genus Luidia. 
a, Geographical distribution :-— 


AtLanTIc: Ten species between the parallels of 65° N. and 40° S. 

On the eastern side: Luwidia sarsi, in the northern area, from 
the coast of Norway to the British Islands. Lwidia ciliaris, from 
the Faerée Channel in the North to the Mediterranean. *Zuzdia 
africana, off the coast of Morocco and extending to the extreme 
southern point of Africa. Lwidia senegalensis, off the west coast of 
Africa, and extending to the Antilles and Brazil. 

On the western side: *Zwidia clathrata, extending from North 
Carolina, through the West Indian area, as far south as Brazil (Rio 
Janeiro).  Lwidea elegans, off North Carolina and in the West 
Indian area. Luidia variegata, in the Gulf of Mexico, off the mouth 
of the Mississippi. Luidia convexiuscula, Luidia barbadensis, and 
*Iuidia alternata, in the West Indian area, the last mentioned 
extending northward to the coast of Florida and southward to Bahia. 


Inpian Ocean: Three species between the parallels of 30° N. and 10° S. 
Luidia savignyi, in the Red Sea and off the east coast of Africa. 
LInidia maculata, in the Indian Ocean from the coast of Africa in 
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the west and extending to Java in the Eastern Archipelago, and 
thence to the Pacific northward to Japan. Lwidia hardwickii is 
reputed to be from the Indian Ocean, but the exact locality is 
unknown. 


EasTERN ARCHIPELAGO: Five species between the parallels of 20° N. and 10° S. 
* Luidia longispina and * Ludia aspera, off the Philippine Islands, 
the latter extending to the north of New Guinea, *Lwidia forficifer, 
in the Arafura Sea. Lidia maculata, off Java, and extending 
into the Indian and Pacific Oceans, Lwidia chefuensis, off Singapore. 


Paciric: Hight species between the parallels of 40° N. and 20° S. 

On the western side: *Zwdia limbata, Inidia quinaria, and 
Inidia maculata, off the coast of Japan, the last mentioned extending 
into the Eastern Archipelago and Indian Ocean. 

On the eastern side: Lwidia californica and Imidia foliata,’ off 
the coast of California. Lwidia brevispina and Luidia columbiz, off 
the coast of Mexico, the former extending to the Sandwich Islands 
and the latter to Panama. Lwidia bellonx, extending from Panama 
to Peru as far south as Callao. 


The species collected by the Challenger Expedition are indicated in the above list by 
an asterisk. 


6. Bathymetrical range: Shallow water to 374 fathoms. 

All the species are found in the Littoral zone, and four only pass into the 
Continental zone, viz.: Lwidia sarsit, Luwidia elegans, Luidia convexiuscula, 
and Luidia barbadensis. None occur in the Abyssal zone. 

Greatest range of one species: Luidia sarsi, shallow water to 374 
fathoms. 


y. Nature of the Sea-bottom: Generally sandy, or sandy mud; but unfortunately the 
definite character of the bottom inhabited by Zwidia is recorded in very few 
eases. Of the forms collected by the Challenger, Zwidia aspera and Inidia 
Jorficyfer were both found on Green mud and Coral mud; and Luidia longi- 
spina on mud. 

Inidia elegans and Lidia barbadensis are recorded as frequenting 
calcareous pebbles, the latter being also found on fine mud. Lwidia con- 
veaiuscula is found on Voleanic sand, madrepore sand and broken shells, 
as well as on a hard bottom. Lwidia sarsii is found on sand and coarse 
shell-sand. 


‘I am in great doubt as to whether this form can really be distinguished from Lwidia brevispina. 
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Inidia debilis of Grube has only the indefinite locality of ‘ Africa.’ The single type- 
specimen is so small that it might be anything, and is quite unworthy of being maintained 
as the type of a species. I therefore consider that the name should be discarded. 


Chorological Synopsis of the Species herein described. 


Ocean. Depth in Fathoms, Nature of the Sea-bottom. 
Iuidia africana. 3 . | Atlantic. Eexttoralitedas of} i one. 
LIuidia alternata  . ‘ . | Atlantic. 7 to 88 Volcanic sand (88 fathoms). 
Inidia aspera : : . | Eastern Archipelago. 10 to 115 Green mud ; Coral mud. 
Luidia ciliaris : : . | Atlantic. TeitforalstOS awl yee | vscetee. 
Luidia clathrata . ; . | Atlantic. RUORZ OME) © Man. ee ea aman 
Luidia forficifer  . ; . | Eastern Archipelago. 6 to 28 Coral mud ; Green mud. 
Luidia limbata P ; ; i) bacifie: DatQeaDae we alia wee Aro 
Luidia longispina . : . | Eastern Archipelago. 20 Mud. 
Iuidia sarsii . ; : : Atlantic. Littoral to 374 Sand ; coarse shell-sand. 


1. Lnidia aspera, v. sp. (Pl. XLII. figs. 1 and 2; Pl. XLV. figs. 9 and 10). 


Rays eight to ten.’ R=170 mm;>r=20 mm. (R=168,7=19). R=8 57, 
Breadth of a ray at the widest part near the base, 16 to 17 mm. 

Rays elongate in relation to the size of the disk, thick, robust, of a slightly depressed 
subeylindrical form, constricted for a short distance near the base, then tapering from the 
widest part slowly and gradually up to the pointed extremity. Abactinal surface convex, 
but flattened along the median radial line and upon the disk. Actinal surface rounding 
gradually to the margin. Lateral walls rounded. 

The paxillee of the abactinal area are large, rotund in form, but with a more or less 
subquadrangular facies in the regular longitudinal series, which are six in number at each 
side of the ray. In the comparatively narrow intermediate area along the median radial 
line the paxille are slightly smaller, distinctly rotund, crowded, and irregular in disposi- 
tion. Nearly all the paxillz of the innermost three longitudinal rows (at least on the 
inner half of the ray), have a robust subconical spinelet about 1°5-2 mm. in length on the 
centre of the tabulum. ‘This is surrounded by about eight very small, cylindrical, 
obtusely-rounded, papilliform spinelets likewise placed on the tabulum, often faintly sub- 
clavate, and so short that they are little more than elongate granules. External to these 
and at the margin of the tabulum is a series of about two dozen similar but slightly more 
delicate and slightly longer spinelets. Excepting of course the central large one, the 
spinelets on the tabulum and the marginal series all appear of equal height when drawn 
together. Occasional paxille in the three rows mentioned are devoid of the central 
conical spinelet, especially on the outer part of the ray, where not more than two of the 
longitudinal series have echinulated paxille. The large paxille between the echinulate 
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ones and the margin are precisely similar to those above described, excepting that they 
bear no large spine, their tabulum being occupied by nine or more small, equal, papilliform 
spinelets, which are well-spaced and radiate slightly apart as if the surface of the tabulum 
were slightly convex. The paxillze of the outermost two rows are rather smaller than those 
of the next two rows; and those of the outermost series which represent the aborted 


- supero-marginal plates are the smallest. The paxillee of the median radial area are rather 


smaller than those of the longitudinal series ; they are rotund, bear no central spine, but have 
six to eight papilliform spinelets on the tabulum precisely similar to those above described. 

The infero-marginal plates bear along their median line a series of four to six uniform 
spines, placed one behind the other: the inner two are very small and delicate, scarcely 
worthy of being counted with the series; but the outer four are robust, tapering, and 
pointed, and increase in size slightly as they approach the margin, although the marginal 
or lateral spine is sometimes slightly smaller than its predecessor, the longest measuring 
about 4 mm. in length. The distance between the second and third spine from the 
margin is often rather greater than that between any of the others, and the space is 
occupied by two or three short, delicate, hair-like spinelets; one or two are also usually 
present between the other large spines. The margin of the keel is fringed on each side 
with rather large ciliary spinelets. 

The adambulacral plates are broad but very short, as seen on the actinal surface, and 
are united by wide ligamentous bands. Their armature, which has the appearance of 
being borne on a narrow keel, consists of three spines, arranged one behind the other, in 
transverse series in relation to the axis of the ray. The innermost or furrow spine is the 
shortest, compressed laterally, slightly curved, slightly tapering, but more or less obtuse at 
the tip. The second spine is fully two-thirds longer, more robust, only very slightly com- 
pressed, very faintly bent near the base (indeed scarcely perceptibly), tapering, and rather 
obtusely pointed. The third spine is similar, but straight, and is usually rather more 
tapering and sometimes a shade shorter and more delicate than the second spine. External 
to this spine and close to its base is usually a three-jawed pedicellaria, wide at the base 
but with delicately tapering and pointed jaws, rather more than one-third the length of 
the spine. One or two delicate ciliary spinelets may also be present. Occasionally a 
second and similar pedicellaria stands between this and the spinelets of the infero-marginal 
plates, which is either borne on a small intermediate plate (present between the adam- 
bulacral and infero-marginal plates) or at the innermost extremity of the infero-marginal 
plate ; or its position may be occupied by a small group of ciliary spinelets. 

The mouth-plates are elongate and narrow, with a series of large actinal or superficial 
spines running parallel to the margin; which are normally much larger than the marginal 
series, and increase in size as they approach the mouth. The spines at the innermost 
extremity of the plates (two or four in number) are very long, and extend nearly to the 


centre of the actinostome. 
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The actinal interradial areas, which are very small and narrow, probably do not contain 
more than a pair or so of small intermediate plates; and the area has the appearance of 
being covered with small ciliary spinelets. 

The madreporiform body is hidden by paxille. 

The ambulacral tube-feet have large rounded terminal knobs. 

Colour in alcohol, a snowy white, mottled with irregular patches of intensely dark- 
brown almost black, but lighter in some places and approaching mouse-colour. Actinal 
surface and lateral spines white, also the central conical spine on the tabulum of the 
paxillee, whether the paxilla itself be white or black. Ocular or terminal plate white. 
The mottling and the sharp contrast of the patches of colour give a remarkably handsome 
character to this starfish. 

Individual Variation.—In a ten-rayed example the paxille in all the regular longi- 
tudinal series at the sides of the rays may have a central conical spinelet on the tabulum, 
but those in the outermost two rows are much less pronounced. The rays are slightly 
shorter and the disk broader: R=166 mm., r=22-23 mm. The colour mottling may 
also affect the lateral spines in places. 

Young Phase.—Small immature specimens, which I refer to this species, were collected 
at Stations 204 and 219. Each example has ten rays, and their characters accord so 
closely with the foregoing description that I feel little doubt about placing them as the 
young of Lwidia aspera. The largest has a radial measurement of 45mm. As might 
naturally be expected at this early stage of growth, the central spinelet on the tabulum of 
the paxillee near the sides of the rays is very feebly developed, and is in fact so small as 
to almost escape notice on superficial examination. Otherwise the characters of the adult 
are well displayed. 

Localities—Samboangan, Philippine group. Depth 10 fathoms. 

Station 204. Off Tablas Island, Philippine group. November 2,1874. Lat. 12° 43’ 
0” N., long. 122° 90” E. Depth 100 to 115 fathoms. Green mud. Surface tempera- 
ture 84°:0 Fahr. 

Station 219. North of Admiralty Island. March 10,1875. Lat. 1° 54’ 0” S., long. 
146° 39’ 40” E. Depth 150 fathoms. Coral mud. Surface temperature 84°°0 Fahr. 

Remarks.—This species is characterised by the form of the paxille and by the arma- 
ture of the infero-marginal plates. The nearest ally in its own area of distribution is 
LInidia maculata, from which it may be distinguished by the particulars just mentioned. 


2. Lwidia alternata (Say), Liitken. 


Asterias alternata, Say, 1825, Journ. Acad. Nat. Sci. Philadelphia, vol. v., pt. 1, p. 144. 
Luidia alternata, Liitken, 1860, Videnskab. Medd. naturh. Foren. i Kjgbenhayn for 1859, p. 42. 


Locality.—Challenger Expedition: Bahia. Depth 7 to 20 fathoms. 
Other Localitves.—Florida, Breton Island, Tortugas, St Thomas. 
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Remarks.—The young forms of this species appear to me to agree so closely with the 
brief descriptions of Lwidia elegans, Perrier, and Inidia variegata, Perrier, that after a 
careful study of the present series of specimens, I have felt the strongest temptation to con- 
sider that the two species just named were growth-stages of Iwidia alternata. As I have 
not had an opportunity of seeing the types of either Lwidia elegans or Lidia variegata, 
I refrain from expressing a definite opinion upon the subject. Lwidia elegans is cited by 
Verrill * as a distinct species in the results of the “ Albatross” dredgings, and this circum- 
stance would naturally lead to the inference that the forms are perhaps better distinguished 
than I have supposed. At any rate the figures assigned to Luidia elegans in that work 
bear no resemblance to the species I have studied. On the other hand, Lwidia variegata 
has been placed as a synonym of Lidia alternata by Ludwig,’ in his account of the 
Asteroidea collected by Professor Ed. Van Beneden on the coast of Brazil. 

I can confirm Ludwig's statement that pedicellariz are not present in the young stages 
of Lwidia alternata, from specimens collected by the Challenger. 


3. Luidia limbata, n. sp. (Pl. XLIV. figs. 3 and 4; Pl. XLV. figs. 7 and 8). 


Rays five. R=110mm.,r=15 mm. R=7:3 7. Breadth of a ray near the base, at 
the broadest part, 18 mm. 

Rays moderately long, very flat, and rather broad, tapering slowly from the base to 
the extremity, which is not very attenuate; frequently with a slight lateral constriction at 
the base. Abactinal and actinal surfaces subplane, bevelled towards the margin, which is 
subangular, slightly rounded. 

The paxillee of the abactinal area are large, compact, closely fitting, and square, except 
along the median radial line and the centre of the disk. The larger paxillee bear on the 
tabulum about a dozen, or even more, low, hemispherical granules, subequal, comparatively 
large and well-spaced, and round the margin a series of very small, short, cilia-like spinelets, 
about two dozen or more in number, the series often appearing to be double. There are 
three to four regular longitudinal series of square paxille at the sides of the ray. In the 
intermediate area along the median radial line the paxillze are smaller, and have a tendency 
(more marked in some examples than others) to become rounded or irregular in form, 

The paxille, which represent the aborted supero-marginal plates, are remarkable for 
bearing on their tabulum a broad, low, valvular pedicellaria resembling the form frequently 
found in Pentagonasteride. These pedicellariz are most numerous in the neighbourhood of 
the interbrachial ares, and may there extend upon the adjacent one or two series of longitu- 
dinal paxille. Along the ray, however, they are generally confined to the outermost or 
“‘supero-marginal” series. Sometimes on the inner part of the ray there are two pedicel- 

1 Report of Commiss. Fish and Fisheries for 1883, Washington, 1885, p. 543, pl. xiii figs. 39, 39a. 

2 Mém. Cour. Acad. roy. Belgique, 1882, t. xliv. p. 9. 


252 THE VOYAGE OF H.M.S. CHALLENGER. 


larize on one tabulum; but towards the extremity of the ray very few are present at all. 
Rarely a pedicellaria may be composed of three valves, as in some Pentagonasteride, the 
valvate character of the organ being still maintained. Occasionally similar pedicellarize may 
be found on the other paxillee of the abactinal surface, but their occurrence there is rare. 

The infero-marginal plates bear only one lateral spine, placed at the outer end of the 
plate, directed outward and often more or less appressed to the margin of the ray. This 
spine is short, not more than 2°75 mm. in length, compressed, though rather robust, 
tapering, pointed, and often subfusiform in outline. On the median keel of the plate is a 
series of small, subequal, squamiform spinelets, rather more than one-third the length of the 
lateral spine, compressed, tapering, sometimes pointed, but more frequently obtuse ; more 
or less appressed to the plate and directed at an angle outward and towards the margin, 
over the aboral margin of the infero-marginal plate. Additional similar spinelets may be 
present on the inner side of this series and with the same direction, but this part of the 
plate is usually occupied by very much smaller spinelets, which are also often directed over 
the adoral margin, 7.e., at an angle adorally and towards the lateral margin. Occasionally 
the place of one of the larger spinelets is occupied by a two-jawed forficiform pedicellaria, 
often near the base of the lateral spine. The margins of the ridge are fringed with 
numerous, delicate, equal, cilia-like spinelets ; and the walls of the deep fasciolar furrow at 
the outer or upper part of the plates is densely covered with remarkably fine ciliary spinelets. 

The armature of the adambulacral plates normally consists of three spines and one 
large two-jawed forficiform pedicellaria. The three spines are arranged one behind the 
other, 2.e., in transverse series in relation to the axis of theray. The innermost or furrow 
spine, which is the shortest, is delicate, compressed laterally, tapering, and slightly curved ; 
the second spine is slightly longer, more robust, subtriangular in section, with an edge 
towards the furrow, sometimes slightly compressed laterally, tapering, pointed, and very 
faintly geniculate near the base. The outermost spine is subequal in length to the last 
noticed, but straight, tapering, and obtusely pointed. The pedicellaria stands at the 
adoral side of the outer spinelet, to which it is subequal in length ; it is large and expanded 
at the base, with a large lunule, but tapering, attenuate, and pointed at the tips of the 
jaws. On the outer edge of the plate are usually two or three very delicate, short, cilia- 
like spinelets. 

The infero-marginal plate is separated from the adambulacral plate throughout the ray 
by a small well-defined intermediate plate. This on the inner part of the ray may bear a 
comparatively large two-jawed forficiform pedicellaria, similar to, but rather smaller than, 
that on the adambulacral plate, and two or three small cilia-like spinelets; but usually 
along the greater part of the ray, and always on the outer part, only a few small ciliary 
spinelets are present. 

The mouth-plates are comparatively small. Each plate bears at its innermost point a 
large forficiform pedicellaria, forming a pair directed horizontally over the actinostome ; 
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and sometimes a second pair stand immediately below these, in the place of the first 
actinal or superficial spines. The marginal spines and actinal spines are subequal to 
one another in size, and diminish as they recede from the mouth; the actinal spines 
forming a series parallel to the median suture of the mouth-plates. 

The actinal interradial areas are very small, and do not contain more than two or 
four small intermediate plates, which bear either a forficiform pedicellaria or a croup of 
small ciliary spinelets. 

The madreporiform body is hidden by paxille. 

Colour in alcohol, varying between light yellowish drab and dirty greenish grey ; 
with a very dark broad band, almost black in some specimens, dark sage green in others, 
along the median radial line, extending to the centre of the disk, in some specimens fading 
out gradually at the sides, in others terminating more abruptly. At the extreme tip of 
the ray the whole area is of this dark colour, whilst the ocular or terminal plate is white, 
and hence very conspicuous. 

Locality.—Yokohama. May 6, 1875. Depth 5 to 25 fathoms. 

Remarks.—This species is perhaps most nearly related to a Luidia from Singapore, 
preserved in the University Museum at Copenhagen, which bears the manuscript name of 
Inidia chefuensis, Grube; but the two forms are distinguished by a number of well- 
defined characters. In Luidia limbata the paxille are larger and more definitely square, 
and the lateral spine is of a different shape. The armature of the adambulacral plates is 
different, wanting altogether the comb of four or more spinelets running parallel to the 
furrow, which in Lwidia chefuensis succeeds the two single curved spinelets. In like 
manner there is no trace of the second comb, parallel to the furrow, of four to six ciliary 
spines, probably situated on the intermediate plate between the infero-marginal and 
adambulacral plates. 

I should here state that I have not been able to find any published description of the 
species now mentioned under the name of Imidia chefuensis. 

In the University collection at Breslau there is another Lwidia, which bears the 
manuscript name of Luidia singaporensis, Grube, but which seems to me to be the same 
as von Martens’ Luidia maculata, var. quinaria, and different from Lwidia chefuensis. 

I am inclined to think that the so-called variety quinaria of Dr von Martens is really 
a species distinct from Luidia maculata. 


4, Iwidia clathrata (Say), Liitken. 


Asterias clathrata, Say, 1825, Journ. Acad. Nat. Sci. Philadelphia, vol. v. p. 142. 
Luidia clathrata, Liitken, 1860, Videnskab. Medd. naturh. Foren. i Kjgbenhavn for 1859, p. 37. 


Locality.—Challenger Expedition: Bahia. Depth 7 to 20 fathoms, 
Other Localities—North Carolina, South Carolina, Florida, Martinique, Hayti, St 
Thomas, Rio Janeiro, 
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5. India ciliaris (Philippi), Gray. 


Asterias rubens, Johnston, 1836, Loudon’s Mag. Nat. Hist., vol. ix. p. 144, fig. 20 (non Linné). 
Asterias ciliaris, Philippi, 1837, Archiv f. Naturgesch., Jahrg. iii., Bd. i. p. 193. 
Luidia fragilissima (pars), Forbes, 1839, Mem. Wern. Soc. Edin., vol. viii. p. 123, tab. 3, fig. 8. 
Asterias pectinata, Couch, 1840, Charlesworth’s Mag. Nat. Hist., vol. iv. ns. p. 34. 
Luidia ciliaris, Gray, 1840, Ann. and Mag. Nat. Hist., vol. vi. p. 183. 
Asterias imperati, Della Chiaje, 1841, Descr. e Not. degli anim. invert. della Sicilia citeriore, vol. iv. 
p. 57; vol. v. p. 123, tav. 135, figs. 1, 3, 4; tav. 171, fig. 25; tav. 172, fig. 8. 
Luidia Savignyi (pars), Miiller and Troschel, 1842, System der Asteriden, p. 77 (non Audouin). 
Locality.—‘“ Triton” Expedition : 
Station 3. Inthe Faerée Channel. August 8, 1882. Lat. 60° 39’ 30” N., long. 9° 6’ 
0” W. Depth 87 fathoms. Bottom temperature 49°°5 Fahr. 
Other Localities.—British Islands, East Atlantic as far north as the Cattegat, coast of 


France, Mediterranean. 


6. Luidia longispina, n. sp. (Pl. XLIIL figs. 3 and 4; Pl. XLV. figs. 3 and 4). 


Rays five. R=56mm.; r=8mm. R=7,r. Breadth of a ray at the third infero- 
marginal plate, 9 mm. 

Rays elongate, depressed, slightly convex abactinally; slightly constricted at their 
junction with the disk, then faintly inflated, and afterwards tapering gradually up to the 
extremity. Lateral margin more or less angular. Actinal surface slightly convex. 

The paxille of the abactinal area are delicate, distinct, and widely spaced ; rather 
smaller and more crowded along the median radial line. Three or four regular longi- 
tudinal series at the sides of the ray. The larger paxille are composed of a marginal 
series of about a dozen very delicate spinelets, shorter than the diameter of the tabulum, 
from the edge of which they radiate horizontally ; and three to five small spinelets on the 
centre of the tabulum, usually shorter and more robust than the marginal series. Occasional 
paxille, here and there, bear a single two-valved, fully developed pedicellaria usually 
placed at the margin of the tabulum. The pedicellaria is often of greater length than the 
spines there, and has quite a massive appearance in comparison with their delicacy. 

The infero-marginal plates have a narrow and very prominent median keel, and the 
intervening fasciolar furrow between neighbouring keels is wide and well furnished with 
delicate cilia-like spinelets. On the ridge are borne three spinelets, at least on the inner 
half of the ray, subequally spaced, and placed one behind the other, forming a transverse 
lineal series in relation to the axis of the ray. The outermost spine, which stands at the 
margin of the ray, is long, delicate, cylindrical, tapering and sharply pointed, and with a 
very slight geniculation near the base. These spinelets are directed horizontally and at a 
slight angle outward, and form a very conspicuous fringe along the margin of the ray. 
The longest spines are about 5 mm., and are the ninth or tenth from the base, the spines 
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diminishing in length rapidly as they approach the disk and more slowly towards the 
extremity. The other two spines on the surface of the infero-marginal plates are small, 
slightly compressed, broad-based, tapering, sharply-pointed spinelets, not more than 1 to 1°5 
mm. in length, simulating squamules rather than spinelets. At the inner end of the plate 
and upon the keel between the spinelets are a few very delicate, short, cilia-like spinelets. 
Not unfrequently the place of one of the compressed spinelets is occupied by a long delicate 
two-valved pedicellaria, quite as long as or longer than the spinelet. On the inner part of 
the ray this pedicellaria may often occupy the place of a third spinelet, and is often pre- 
sent near the base of the long lateral spine. The margins of the keel on the actinal 
area of the plate have a series of small papilliform or invested cilia-like spinelets. 

The infero-marginal plate is separated from the adambulacral plate throughout the 
ray by a very small intermediate plate, and this is devoid of spinelets or pedicellariz 
throughout. 

The adambulacral plates are broader than long, united by a rather wide ligamentous 
band, and their armature consists of two spines. The inner or furrow spine is short and 
very delicate, subcylindrical or very faintly compressed laterally, slightly tapering but 
obtuse at the tip, faintly geniculate or curved, and directed over the furrow at an angle 
of 45° to the plane of the actinal surface. The second spine stands erect on the actinal 
surface of the plate, perpendicular to the actinal plane; it is rather longer than the furrow 
spine, measuring 1°5 to 1:75 mm. in length, very robust at the base, subconical, and tapering. 
On the outer side of this spine, or sometimes rather on the adoral side, is frequently a large 
attenuate two-valved pedicellaria, equal in length to the spine; and sometimes there are 
one or two more very small cilia-like spinelets behind the actinal spine. 

The mouth-plates are small, very narrow, but prominent. Lach plate bears at its 
innermost point a large two-jawed pedicellaria similar to those above described, but with 
coarser jaws, directed over the actinostome. On the actinal surface of the keel are three 
or four robust tapering spinelets, with a few small cilia-like spinelets between and at the 
margin. 

The actinal interradial areas are very small; and they contain a pair of small inter- 
mediate plates on which are borne three or four small cilia-like spinelets. 

The madreporiform body is hidden by paxille. 

Colour in alcohol, a dirty light drab or greyish white. 

Locality.—Station 203. East of Panay Island, Philippine group. October 31, 1874. 
Lat. 11° 6’ 0” N., long. 123° 90” E. Depth 20 fathoms. Mud. Surface temperature 
85°°0 Fahr. 

Remarks.—This species is characterised by the single, short, robust spine on the 
actinal surface of the adambulacral plates, by the long, delicate, spine-like, two-jawed 
pedicellariz, and by the single long lateral spines. 
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7. Luidia africana, n. sp. (Pl. XLIV. figs. 1 and 2; Pl. XLV. figs. 1 and 2). 


Rays five. R=155 to 160 mm.; r=18 mm. R>85r. Breadth of a ray at the 
third infero-marginal plate, 18 mm. 

Rays elongate, flat, rather broad at the base, and tapering slowly and gradually 
therefrom up to a pointed extremity. The abactinal area is plane; the lateral walls low, 
and the general form of the species very flat and depressed. 

The paxille of the abactinal area are small, very minute, and closely crowded along 
the median line of the ray and the central area of the disk, increasing im size as they 
approach the sides of the ray, where two or three lateral series may be indistinctly made 
out. The representatives of the aborted supero-marginal plates are more or less distinctly 
spaced, and have a paxilla twice as broad as any of the others. The larger paxillee of the 
general area are composed of a marginal series of about a dozen short, obtuse, papilliform 
spinelets which radiate outward almost horizontally ; and two or three on the centre 
of the tabulum standing vertical, which are shorter and more robust. The small paxille 
along the median line of the ray have fewer spinelets, and only one central, which is 
more or less granuliform. Many of the medium-sized paxille have the tabulum occupied 
by a low massive hemispherical pedicellarian apparatus, formed by the modification of 
two or three papilliform granules, the two-valved form being the most numerous. In 
some specimens, however, there are comparatively few pedicellariea, and in some the 
spinelets on the tabulum are nearly as long and delicate as the marginal series. 

The infero-marginal plates have a high median spine-bearing keel, the fasciolar furrow 
between neighbouring keels being as wide as the breadth of the keel, with its walls 
densely covered with minute cilia-like spinelets. On the ridge are borne three moderately 
long, delicate, tapering, pointed spines, the longest 5 to 6°5 mm. long, the innermost 
slightly shortest ; whilst a fourth, very much smaller and more delicate, stands near the 
inner extremity of the plate; these spines are subequally spaced, and form a transverse 
lineal series in relation to the direction of the ray. On the outer half of the ray there 
are seldom more than two of the long spines. At the inner end of the plate and between 
the spines are a few small delicate papilliform spinelets, often with a rather clavate 
appearance when seen in spirit, in consequence of their membranous investment. 

The infero-marginal plate is separated from the adambulacral plate throughout the ray 
by a small intermediate plate. Upon this is borne a small, obtuse, two-valved pedicellaria, 
which at first sight might easily be mistaken for a clavate papilliform spinelet. These 
extend in large examples very nearly, if not quite, to the tip of the ray ; sometimes they 
are accompanied by one or two small papilliform spinelets, and sometimes two or three of 
these may occupy the place of the pedicellaria. 

The adambulacral plates bear three large spinelets, one behind the other, «.e., forming 
a lineal series at right angles to the furrow. The innermost spine is the shortest, 
compressed laterally, curved and slightly scimitar-shaped, and though tapering a little 
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towards the tip, is obtuse there. This spinelet is normally directed over the furrow and 
separates the adjacent tube-feet. The other two spinelets are subequal, are a little longer 
than the furrow spinelets, measuring at the base of the ray 4 mm., and are delicate, 
cylindrical, and tapering, but truncate at the tip, and often with a faint tendency to 
flare. On the aboral side of the outermost spine is one very small, short, cilia-like spinelet. 

The mouth-plates are elongate, narrow, and strongly keeled; their armature consists 
of a marginal series which extends the whole length of the plate, very small and papilli- 
form along the line of union with the adambulacral plate proper, and only the inner three 
or four on the free part of the margin larger and spiniform ; the innermost two on each 
plate are close together, often flattened and apposed, and form what may perhaps be 
looked upon as an incipient pedicellarian apparatus, which is directed horizontally over 
the actinostome at an angle of 45° to the median radial line. On the actinal surface of 
the plate is a lineal series of spinelets, robust and large along the greater part of the plate, 
but diminishing in size as they recede from the mouth, becoming rapidly mere small 
papille at the outer end of the plate. 

In the very limited actinal interradial area there are generally two or three additional 
pedicellarize exactly similar to those on the small intermediate plate which separates the 
infero-marginal and adambulacral plates along the ray. 

The madreporiform body is situated very near the margin, and is usually hidden by 
paxille ; its appearance is more or less spongiform rather than “ madreporiform ;” and 
the striations are coarse, with definite foramina distinctly visible here and there. 

Colour in alcohol, a warm shade of brown over the paxillar area, becoming nearly brick 
red at the extremity of the ray ; the terminal or ocular plate white. The centre of the 
disk and a narrow well-defined band traversing the median abactinal line of the ray are 
marked with a much darker colour, approaching dark purple, which gives a very striking 
appearance. Actinal surface a bleached yellowish white. 

Localities. —Simon’s Bay, Cape of Good Hope. 

“ Porcupine” Expedition : 

Station 36. 1870. In the Strait of Gibraltar, off the coast of Morocco. Lat. 35° 35’ 
N., long. 6° 26’ W. Depth 128 fathoms. Bottom temperature 12°°9 C.; surface 
temperature 23°°8 C. 

Remarks.—This species is nearly allied to Lwidia sarsii of the North Atlantic, of 
which it is unquestionably the representative. Both are five-rayed forms, but Luidia 
africana is of much larger size, and the rays taper gradually from the base to the tip, 
giving them a very pointed and attenuate appearance. The paxille on the median portion 
of the rays are very much smaller than in Luidia swrsii, and the central granule is less 
prominent than in that form throughout. In Luidia africana the uppermost or lateral 
spine on the infero-marginal plates is the largest, whereas in the northern species this is 
generally smaller. In like manner, the outermost of the three spines on the adambulacral 
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plates is the longest and very large in the African species; in Lwedia sarsiw, on the other 
hand, the middle spine is the longest, and the size is by no means so great. The pedicellarie 
on the actinal surface are low and hemispherical in Lwidia africana, longer and pointed 
in Luidia sarstii. The colour marking—the dark thin band along the median radial line— 
is very characteristic of the form above described. 


8. Luidia sarsiz, Ditben and Koren. 


Asterias, n. sp., Sars. 1835, Beskrivelser og Iagttagelser over Dyr ved den Bergenske Kyst, p. 39. 
Luidia fragilissima (pars), Forbes, 1841, Hist. Brit. Starf., p. 135. 
Luydia Sarsii, Diiben and Koren, 1844, Ofversigt K. Svensk Vet.-Akad. Forhandl., 1844, p. 113. 
Luydia Savignyt (pars), Diiben and Koren, 1846, K. Svensk. Vetensk.-Akad. Handl., Ar 1844, p. 254, 
tab. vill. figs. 23, 24 (non Audouin). 
Localities. —“ Porcupine” Expedition : 
Station 46. 1869. Between Scotland and the Faerée Islands. Lat. 59° 23’ N., long. 
7° 4’ W. Depth 374 fathoms. Bottom temperature 7°°7 C. ; surface temperature 12°11 C. 
Station 67. East of the Shetland Islands. Lat. 60° 32’ N., long. 0° 29’ W. Depth 
64 fathoms. Bottom temperature 9°°5 C.; surface temperature 11°°0 C. 
Station 68. East of the Shetland Islands. Lat. 60° 23’ N., long. 0° 33’ E. Depth 75 
fathoms. Bottom temperature 6°°7 C.; surface temperature 11°°4 C. 
“Knight Errant” Expedition : 
Station 3. Off the Island of North Rona. August 3 and 4, 1880. Lat. 59° 12’N., 
long. 5° 57’ W. Depth 53 fathoms. 
Other Localities.—British Islands; South of Norway, extending as far north as 
Christiansund. 


9. Luidia forficifer, n. sp. (Pl. XLIV. figs. 5 and 6; Pl. XLV. figs. 5 and 6). 


Rays five. R=40 mm.; r=8 mm. R=5,r. Breadth of a ray near the base, at 
the third or fourth infero-marginal plate, 9 mm. 

Rays short for the genus, rather broad, tapering from the base to the extremity, and 
rather more rapidly on the outer part of the ray, convex abactinally. Lateral margin 
subangular. Actinal surface subplane. 

The paxillee of the abactinal area are comparatively large and distinct. There are four 
regular longitudinal series at the sides of the ray, in which the paxille are larger, and 
have more or less of a square appearance. In the intermediate space the paxille are 
smaller and subrotund. On the tabulum of the larger paxille are four to seven robust 
subgranuliform papille, with a series of twelve to sixteen, or more, very short stumpy 
conical spinelets round the margin, which radiate outwardly at an angle of about 45° to 
the plane of the tabulum, and not horizontally. In consequence of the shortness, number, 
and posture of the spinelets the paxille have somewhat of a tufted or bristling appearance. 
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On the outer part of the ray the spinelets on the centre of the tabulum become longer 
and more spiniform. 

The infero-marginal plates are confined entirely to the actinal surface of the ray, and 
have a well-defined median keel. Hach plate bears only one true spine, the lateral, placed 
at the outer extremity of the plate; it is short, thin, compressed and lancet-formed, the 
longest measuring about 15 mm. On the ridge are normally five equal-sized squamiform 
spinelets, about one-third the length of the lateral spine, compressed, tapering, some- 
times pointed, but often obtusely rounded at the tip. These have the same direction in 
relation to the plate as the lateral spine, and consequently pass slightly over the aboral 
margin of the plate. A second series of smaller spinelets stands on the inner side of the 
series just described, and is usually directed along the median line of the plate; but this 
series is subject to much irregularity in the size, posture, and number of the spines, having 
sometimes one or more spinelets as large as the aboral series, sometimes directed towards 
one margin and sometimes towards the other. The margins of the keel are fringed with 
delicate cilia-like spinelets, those on the inner part of the plate having a thick and 
saccular investment, which gives them a robust papilliform appearance in comparison to 
the others. 

The adambulacral plates carry an armature arranged in the following manner :—(1.) A 
single furrow spine, curved scimitar-like, delicate, compressed, obtuse at the tip. (2.) 
Immediately behind the furrow spine, a single spine slightly longer, more robust, slightly 
compressed or triangular, tapering, pointed, and slightly geniculate, the curvature being 
much less than that of the innerspine. (3.) Behind the foregoing stand either two straight 
spines side by side, or a spine and a pedicellaria of equal length and in the same relative 
positions. These are rather shorter than the second single spine above noticed ; the spine 
is moderately robust, tapering, and pointed; and the pedicellaria has long delicate 
jaws, equal in length to the accompanying spinelet. The pedicellaria is usually on the 
adoral side, but not invariably. On a few of the plates on the inner part of the ray a 
second pair of spines may be present, but usually the outer part of the plate bears only 
two or three ciliary spinelets rather thickly invested. 

The mouth-plates are prominent and extend far upward into the actinostome ; each 
plate usually (in one example always) bears a single very large pedicellaria at its inner- 
most point. The marginal and actinal or superficial spines are subequal in size; the 
former somewhat irrecular in position, the latter in a series parallel to the median suture. 
The mouth-armature is difficult to formulate in the type specimen without preparation. 

The actinal interradial areas are very small, and include only a pair of small inter- 
mediate plates, each of which bears one large pedicellaria, but shorter than those on the 
adambulacral plates and with more obtuse jaws. At the base of the pedicellaria are a few 
minute cilia-like spinelets. A small intermediate plate separates the infero-marginal plate 
from the adambulacral plate throughout the ray. A few of these plates on the inner- 
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most part of the ray may bear a single pedicellaria, but along the ray they are either naked 
or bear only small cilia-hke, but invested, spinelets. 

The madreporiform body is hidden by paxillee. 

Colour in alcohol, a bleached ashy or yellowish white. 

Young Phase.—A small example was obtained at Station 188 in company with a 
larger specimen, which seems to me in every way identical with the type form. About the 
small example, however, which has a radial measurement of 18 mm., I feel much doubt as 
to whether it belongs to this species or to a new one. The actinal characters conform 
closely enough with those of Luidia forficifer, but on the abactinal surface the paxille 
are furnished with a robust central papilliform granule or incipient spinelet, of which no 
trace is found in the adult forms above described. Without more material to furnish a 
clue as to the intermediate stages (if such really exist), I am unable to express a definite 
opinion on the young example under notice. ; 

Localities.—Station 187. Booby Island, Torres Strait. September 9, 1874. Liat. 
10° 36’ 0” S., long. 141° 55’ 0” E. Depth 6 fathoms. Coral mud. Surface tempera- 
ture 77°°7 Fahr. 

Station 188. In the Arafura Sea, near the entrance to Torres Strait. September 10, 
1874. — Lat. 9° 59’ 0” S., long. 139° 42’0” E. Depth 28 fathoms. Green mud. Surface 
temperature 78°°5 Fahr. 

Remarks.—This species may be distinguished by the form of the rays, by the 
character of the paxilla, and by the armature of the adambulacral and infero-marginal 
plates. 


Family PENTAGONASTERIDA, Perrier, 1884. 


The family Goniasteridze, as defined by M. Perrier’ in 1875, has been recently divided 
by him* into four families, the Pentagonasteridew, Pentacerotide, Antheneide, and Gym- 
nasteriide. With this step I entirely concur, reserving only some doubt about the validity 
of the Antheneidz as a group worthy of family rank, its credentials appearing to me to be 
more or less artificial. 

The limits of the genera included in the Pentagonasteride have been critically and 
justly discussed by Perrier.’ I have, however, ventured to differ from him in that I have 
limited the term Astrogoniwm to those species for which he has proposed to restore the 
generic name of Stephanaster.* The reasons for this step, which seems to me unavoidable, 
are discussed on p. 285. I have furthermore felt obliged to separate a small group of 
species distinguished by definite structural characters from the other Pentagonasteride, for 

1 Révis. Stell. Mus., p. 25 (Archives de Zool. expér., 1875, t. iv. p. 289). 
* Nouv. Archives Mus. Hist. Nat., 2e Série, 1884, t. vi. p. 165. 
3 Révis. Stell. Mus., p. 100, ef seg. (Archives de Zool. expér., 1876, t. v., p. 6, et seq.) 
* Comptes rendus, 1885, t. ci. p. 885; Ann. Sci. Nat. (Zool.), 1885, t. xix., Art. No. 8, p. 30. 
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which I propose the generic name of Gnathaster. 1 have also retained as genera several 
of the sections relegated by Perrier to subgeneric rank under Pentagonaster, viz, Cal- 
haster, Calliderma, Astrogonium, Stellaster, and Ogmaster (= Dorigona). Though the 
characters upon which these genera are based exhibit many transitional stages, it appears 
to me too sweeping a measure to merge them in one generic term. ‘hat the differences 
should be slight and the cases of transition frequent in a large and widely distributed 
family such as the Pentagonasteride is not surprising. As, however, the morphological 
characters of the forms in question are in my opinion sufficient to warrant recognition, it 
seems to me that to lose the record of their significance by an unnecessary exercise of 
comprehensiveness would be a mistake. 

Astrogonium and Dorigona, it should be mentioned, have recently been restored by 
Perrier’ himself as generic names, but the sense in which they have been applied appears 
to me to be inadmissible, for reasons which I shall give in detail. 

I have substituted the generic name Ogmaster for that of Dorigona. The starfish 
described by Gray’ in 1866 under the name of Dorigona reevesw is the same species as 
that previously described by Miiller and Troschel* in 1842 under the name of Gonzodiscus 
capella. In 1865 von Martens* placed this form in a subgenus to which he gave the 
name Ogmaster, ranking it under G‘oniaster. The claim of this form to generic recogni- 
tion has since been admitted, and it follows in my opinion that the name of the starfish in 
question should therefore be Ogmaster capella (M. & T.), von Martens. (Its synonyma are 
Dorigona reeves, Gray, and Goniaster miilleri, Liitken ; but not Goniaster (Stellaster) 
miillerc of von Martens.) The Goniaster (Stellaster) miillerc of von Martens is a true 
Stellaster, which is so nearly allied to Stellaster childreni that | am unable to distinguish 
it, and I am therefore constrained to consider Gonzaster miilleri as a synonym of that 
species. Both Liitken and Perrier have been in error in regarding von Martens’ form as 
identical with the species described by Gray as Dorigona reevesit. 

A second form which has been referred to the genus Dorigona is the starfish described 
by MGbius® under the name of Astrogoniwm longimanum. This form is totally distinct 
from Gray’s form, and merits, in my opinion, an independent generic recognition. | 
therefore propose for it the name of Jconaster. It is characterised by the naked abactinal 
plates margined by very remarkable valve-like plates, by the character of the adambulacral 


1 Ann. Sct. Nat. (Zool.), 1885, t. xix., Art. No. 8, p. 30. I would here take the opportunity of mentioning 
that the sheets of this Report which treat of the Porcellanasteride and Archasteride were printed off before 
I had seen this last mentioned important memoir by Prof. Perrier, and I was consequently unable to refer to 
the species described therein, as I otherwise should have done. 

2 Synop. Spec. Starfish Brit. Mus., London, 1866, p. 7, pl. 7, figs 3, 3a. 

3 System der Asteriden, 1842, p. 61. 

_ 4 Ueb. Ostasiat. Echin., Archiv f. Naturg., Jahrg. xxxi., Bd, i. p. 359. 

5 Neue Seesterne des Hamburger und Kieler Museums, 1859, p. 7, taf. i., figs. 5, 6. (Abhandl. a. d. 

Gebiete Naturw. hrsg. v. d. naturwiss, Verein, Hamburg, Bd. iv. Abth. 2, 1860.) 
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armature, and by the union of the supero-marginal plates throughout the ray. The 
synonyms of Jconaster longimanus, Mobius, sp., are Astrogonvum longimanum, Mobius, 
Astrogonium souleyeti, Dujardin and Hupé, Goniaster longimanus, Liitken, Pentagonaster 
longimanus, Perrier, and Archaster lucifer,! Valenciennes. 

On the grounds above detailed I consider that the name Dorigona should be ranked as 
obsolete. I am unable to express a definite opinion as to the position of several forms 
recently referred to Dorigona, but I am inclined to think that some of them will perhaps 
fall within the scope of the genus Nymphaster described on a succeeding page. 

I have added to this family four new genera discovered by the Challenger, and I have 
also included the genus Nectria, which has latterly been relegated by Perrier’ to the 
Linckiidee. 

The interesting genus Anthenoides described by Perrier* is referred by him to this 
family. 

In concluding these notes | would remark that Perrier‘ in his latest work has again 
reverted to the family name of Goniasteridee. I think this unfortunate, and in fact inad- 
missible, unless M. Perrier has relinquished the amended classification of the genera 
included in that group, proposed by him in 1884, and noticed above. The scope and 
significance of the family Goniasteridze (Verrill), Perrier, 1875, is quite different from that 
of the family Pentagonasteride, Perrier, 1884. The latter | have adopted in the present 
work, and consider that it ought to be maintained. 


Synopsis of the Genera included in the Family PENTAGONASTERID. 


A, Abactinal area with rounded, polygonal, or paxilliform plates. Granules or 
spinelets when present co-ordinated : 0 : : : . PENTAGONASTERINZ. 
a. Abactinal area covered with rounded or polygonal plates; sometimes 
subtabulate, and either smooth or bearing granules, but not 
forming true paxille. 

a. Supero-marginal plates separated throughout the length of the 
ray by abactinal plates. Abactinal plates not margined by 
elongate valvular plates. 

a, Actinal intermediate plates and infero-marginal plates 
smooth or granulose ; devoid of prominent spinelets. 
i. Marginal plates smooth or granulose. 


1 In citing this erroneous reference to Archaster in the list of species given on p. 122 supra (line 21), I have 
inadvertently written Dorigona longimana, Mobius, sp., instead of Iconaster longimanus, Mobius, sp. The 
reader will please make the necessary correction. The sheet was unfortunately printed off before the error was 
noticed. 

* Nouv. Archives Mus. Hist. Nat., 2e Série, 1878, t. i. p. 79. (On p. 19 of the same work Nectria is 
ranked in the Goniasteride.) 

* Bull. Mus. Comp. Zool., Harvard, 1881, vol. ix., No. 1, p. 23; Nouv. Archives Mus. Hist. Nat., 2e Série, 
1884, t. vi. p. 246. 

4 Ann. Sci. Nat. (Zool.), 1885, t. xix., Art. No. 8, p. 30. 
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1. Form pentagonal, sides distinctly recti- 
lineal. Marginal plates ordinarily 
few in number , 
2. Form more or less pentagonal. Ex- 
tremities of the rays dilated or 
rounded. Marginal plates few in 
number . 
i. Marginal plates with fuleriea 
8. All plates covered with membrane, and bearing ay 
single, isolated, prominent, obtuse spinelets or elon- 
gate tubercles. No papule (?). No pedicellaria 
y. Actinal intermediate and infero-marginal plates spinu- 
late, and with small prominent spinelets inter- 
spersed. Abactinal plates granulose 

4. Supero-marginal plates united throughout the length of the ray. 
Abactinal plates confined entirely to the disk. Abactinal 
plates margined by peculiar valve-like plates. Abactinal 
plates naked . : 

b. Abactinal area with paxilliform plates. 

a. Paxille usually stellate and spinose. Mouth-plates with a pro- 
minent keel, developed aborally into a hyaline spiniform 
prolongation. Tegumentary covering of the whole test more 
or less spiniform or papilliform. With odd interradial 
marginal plates ; F ; : : : 

b. Paxilla tabulate, bearing granules or papille usually prismatic 
in form. Mouth-plates not keeled or prominent. No odd 
interradial marginal plates. 

a, Paxille confined to the disk-area. Rays long. Supero- 
marginal plates uniting in the median radial line, or 
separated only by a single series of quadrate plates. 

1, Adambulacral armature arranged in longitu- 
dinal series. Infero-marginal plates devoid 
of prominent tegumentary spinelets. With 
entrenched pedicellaria . 

. Adambulacral armature paoradiate aa 
transverse. Infero-marginal plates spini- 
ferous and with small prominent spinelets. 
No pedicellarie 2 ; 0 

8. Paxille extending along the ray. Supero-marginal 
plates separated by several series of paxille. 
Small valvate pedicellariz only, and very few in 
number. 

i. Marginal plates large and conspicuous. Abac- 
tinal plates small and not developed into 
large cylindrical tabula. Pedicellaria pre- 
sent . . . . . . : 

ii. Marginal plates comparatively small. Abac- 
tinal plates very large, with enormous 
cylindrical tabula, bearing co-ordinated 
granules. No pedicellaria 
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Bb. Abactinal area with flat stellate plates. Covered with a uniform granulose 
membrane . . ‘ : : , : ‘ : 3 . GONIODISCINE. 
a, Abactinal area with polygonal or substellate plates, overlaid with a 
granulose membrane which invests the whole test. 
a. Actinal area naked. Margin of test thick. 


«. Infero-marginal plates with one or more lateral spines é . Stellaster. 
6. Infero-marginal plates devoid of lateral spines . 5 é . Ogmaster. 
6. Actinal area covered with a membranous skin. Margin angu- 
lated, and with a marginal fringe of small conical thornlets —. . Leptogonaster. 
b. Abactinal area with stellate plates, leaving wide interspaces for the 
passage of papule : . . . Goniodiscus. 


C. Abactinal area with small stellate plates bearing true paxille. Actinal inter- 
mediate areas with imbricating plates in transverse series, bearing 


paxilliform groups of spines. ; : : . : c . MIMASTERINA. 
a. A single genus : : ; : 5 : c : ; ; : . Minaster. 


Subfamily PenraconasTERINA, Sladen, 1888 (non sensu Viguier, 1878). 


Genus Pentagonaster, Linck. 


Pentagonaster, Linck, De Stellis marinis, 1733, p. 20. 

Goniaster (pars), L. Agassiz, Prod. Mon. Radiaires, Mém. Soc. Sci. Nat. Neuchatel, 1835, t. i. p. 191. 
Astrogonium (pars), Miiller and Troschel, System der Asteriden, 1842, p. 52. 

Goniodiseus (pars), Miller and Troschel, System der Asteriden, 1842, p. 57. 

Hosia (pars), Gray, Ann. and Mag. Nat. Hist., 1840, vol. vi. p. 279. 

Tosia, Gray, Ann, and Mag. Nat. Hist., 1840, vol. vi. p. 281. 

Two species only were referred by Linck to his genus Pentagonaster. One of them, 
Pentagonaster regularis, has not since been recognised, and, as the type is lost and its 
identification now could be nothing more than a guess, the name should be discarded 
altogether. The second form, Pentagonaster semilunatus, is a perfectly well recognised 
species, about which there is no doubt, and in my opinion it should certainly be held as 
the type of Linck’s genus Pentagonaster. On these grounds I cannot agree with Perrier ' 
in removing Pentagonaster semilunatus to the genus Astrogoniwm, as defined by him, for 
so long as the genus Pentagonaster is preserved I consider that Pentagonaster senilunatus 
must unquestionably be referred to it. The term Astrogonium, as used by me, is 
restricted to limits different from those recently assigned to it by Perrier,” when restoring 
it to generic rank. 


Chorology of the Genus Pentagonaster. 
a. Geographical distribution :— 
ArLantic: Twenty species between the parallels of 75° N. and 55° S. 
In the northern area, *Pentagonaster granularis, occurs both 
on the eastern and the western sides, being found off the coasts of 
1 Ann. Set. Nat. (Zool.), 1885, t. xix. p. 37. 2 Loe. cit., p. 30. 
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Scandinavia, Brita, and the United States. Pentagonaster pla- 
centa, in the Mediterranean and Adriatic. Pentagonaster mirabilis, 
in the Gulf of Smyrna (I am in great doubt as to the distinctness 
of this form from Pentagonaster placenta). *Pentagonaster sem- 
lunatus, off the coast of Senegal and off the Cape Verde Islands, 
passing thence to Brazil, and extending northward to South Caro- 
lina. It is also recorded from Zanzibar, Celebes, and China. Pen- 
tagonaster crassus, Pentagonaster deplasi, Pentagonaster gosselin, 
and Pentagonaster perriert (= Pentagonaster grandis, Perrier),' off 
the coast of Morocco. Pentagonaster gosselini is also found off 
the Canaries and off the Azores, and Pentagonaster perriert off the 
Azores. *Pentagonaster lepidus, Pentagonaster fallax, and Penta- 
gonaster (2) elongatus, off the Azores, Pentagonaster vincenti, off the 
Canaries, and Pentagonaster hesitans, off Cape Ghir. The following 
series of species are all from the West Indian area and Gulf of Mexico: 
Pentagonaster parvus, Pentagonaster grenadensis, Pentagonaster 
dentatus, Pentagonaster affinis, Pentagonaster (?) alexandri, and 
Pentagonaster intermedius. (I am doubtful as to the accuracy of refer- 
ring Perrier’s three species, Pentagonaster alewandri, Pentagonaster 
elongatus, and Pentagonaster intermedius to Pentagonaster as now de- 
fined. It seems to me not improbable that the first will prove to belong 
to the genus Nymphaster, and the second perhaps to Paragonaster.) 
* Pentagonaster patagonicus, off the eastern coast of South America, near 
the Atlantic entrance to the Strait of Magellan ; and it is also found 
on the Pacific side of the Strait near the entrance to Smyth Channel. 
Paciric: Nine species between the parallels of 40° N. and 55° S. 

Pentagonaster semilunatus, off the coast of China, being also found 
in the Atlantic off the coasts of Brazil, South Carolina, and Senegal. 
*Pentagonaster japonicus and * Pentagonaster arcuatus, off the coast 
of Japan. Pentagonaster (2) fonki, off the coast of Chili. Penta- 
gonaster (?) belli and *Pentagonaster patagonicus, in the Strait of 


1 Professor Perrier has described (Ann. Sct. Nat. (Zool.), 1885, t. xix., Art. No. 8, p. 35), under the name 
of Pentagonaster grandis, a new species represented by a large series of specimens dredged during the “ Talisman” 
Expedition off the coasts of Morocco, the Sahara, and the Azores. Unfortunately the name “ grandis” is already 
appropriated to another species of Pentagonaster, from Western Australia, described by Gray in 1847, under the 
name of Tosia grandis (Proc. Zool. Soc. Lond., 1847, p. 80; Synop. Spec. Starf. Brit. Mus. 1866, p. 11, pl. 3, 
fig. 1). The type of Gray’s species is in the British Museum. As Perrier’s form appears from the short de- 
scription given to be clearly distinct, and as the locality and conditions of existence would lead to the same 
inference, it seems to me necessary that the name should be changed to avoid confusion. I have therefore 
substituted that of Pentagonaster perriert for the West African species, under the conviction that the form can 
bear no more appropriate name than that of its able describer. 

(ZOOL. CHALL. EXP.—PART LI.—1888. ) 34 
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Magellan, the latter extending to the Atlantic side. *Pentagonaster 
astrologorum, Pentagonaster auratus, and Pentagonaster magnificus, 
off the coast of Australia. 


EAsTERN ARCHIPELAGO: Two species between the parallels of 10° N. and 10° 8, 
Pentagonaster inequalis is supposed to be from New Guinea or 
Amboina. Pentagonaster semilunatus is stated to have been found at 
Celebes ; it extends into the Pacific, Indian, and Atlantic Oceans. 


INDIAN AND SOUTHERN OcEANS: Seven species between the parallels of 0° and 
45° 8. 

The following five species are recorded to be from Australia, viz., 
Pentagonaster grandis, Gray (non Pentagonaster grandis, Perrier), 
Pentagonaster nobilis, Pentagonaster ruber, Pentagonaster tuber- 
cularis, and Pentagonaster australis (= Pentagonaster procyon, Val.). 
Pentagonaster semilunatus, from Zanzibar,and extending to the Atlantic 

and Pacific. Pentagonaster tuberculatus, from Port Natal. 
The species obtained during the Challenger Expedition are marked in the foregoing list 

with an asterisk. 


The locality of the following eight species is unknown, and their names have conse- 
quently not been included in the foregoing lists :— 


Pentagonaster gibbosus, Perrier. Pentagonaster minimus, Perrier. 
Pentagonaster lamarcki, Miiller and Troschel. Pentagonaster ornatus, Miiller and Troschel. 
Pentagonaster luzonicus, Gray. Pentagonaster punctatus, Lamarck. 
Pentagonaster mammillatus, Miiller and Troschel. Pentagonaster regularis, Linck. 


The types of the three following species are not to be found, and the names should 
therefore be discarded in future :— 


Pentagonaster luzonicus, Gray. Pentagonaster regularis, Linck. 

Pentagonaster punctatus, Lamarck. 

Several of the species-names of Gray and of Miiller and Troschel will probably have to 
be discarded ultimately on account of being either duplicate names or synonyms; but as 
most of these doubtful forms are represented only by single examples, and are not con- 


cerned with the present report, I do not consider it desirable to interfere with them at 
present. 


8. Bathymetrical range: 20 fathoms to 1500 or 1930 fathoms. 

The depth of a large number of the species is not recorded, but the 
majority of the older ones are probably from the Littoral zone. Of the 
forms whose depth is known, Pentagonaster placenta and Pentagonaster 
parvus are confined to the Littoral zone; Pentagonaster grenadensis, Penta- 
gonaster arcuatus, and Pentagonaster japonicus to the Continental zone. 
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Pentagonaster patagonicus is found in the Littoral zone, and passes into the 
Continental zone. Pentagonaster granularis, Pentagonaster alewandri, and 
Pentagonaster dentatus are found in the Littoral zone, pass into the Continental, 
and extend into the Abyssal zone. Pentagonuster perrieri (= Pentagonaster 
grandis, Perrier) is found in the Continental zone and passes into the Abyssal 
zone. Pentagonaster crassus, Pentagonaster deplasi, Pentagonaster vincenti, 
Pentagonaster gosselim, Pentagonaster hexsitans, Pentagonaster lepidus, 
Pentagonaster elongatus, Pentagonaster fallax, Pentagonaster affinis, and 
Pentagonaster intermedius have hitherto been found only in the Abyssal 
zone, the last named at a depth of 1930 fathoms. 

Greatest range of one species: Pentagonaster alexandri, from 84 to 1930 
fathoms. As there is some doubt about the reference of the specimen from 
1930 fathoms to this species, and as I am uncertain about the species really 
belonging to the genus Pentagonaster, the following may also be cited: Penta- 
gonaster dentatus, from 41 to 1500 fathoms. 


y. Nature of the Sea-bottom: The nature of the ground inhabited by Pentagonaster 
is recorded in the case of very few species. Pentagonaster granularis is 
found on sand, shells, and clay ; Pentagonaster parvus on broken shells and 
corals, and on a hard bottom; Pentagonaster affinis on mud; Pentagonaster 
dentatus on Globigerina mud ; Pentagonaster japonicus and Pentagonaster 
arcuatus on Green mud; Pentagonaster patagonicus on sand in 55 fathoms 
(Atlantic), and on Blue mud in 245 fathoms (Pacific); Pentagonaster lepidus 
on Volcanic mud in 1000 fathoms. 


Chorological Synopsis of the Species herein mentioned. 


Ocean. Range in Fathoms. Nature of the Sea-bottom. 
— — = = — | — es 
Sate eae 
Pentagonaster arcuatus Pe lieaertic: 345 | Green mud. 
Pentagonaster astrologorum. | Pacific. Was ae ate 
Pentagonaster granularis . | Atlantic. | 20 to 640 | Sand, shells, clay, gravel, stones. | 
Pentagonaster lepidus . | Atlantic. 1000 Volcanic mud. 
| Pentagonaster semilunatus . | Atlantic, Indian Pacific. Le | Pht 
| Pentagonaster japonicus . | Pacific. 345 Green mud, | 
: | Pacific and Atlantic, || ~~, 2 { Sand (55 fathoms, Atlantic). 
D, etpy nape | AF 9 F ) = 2 ss 
Penigon inter AAG Ontos (Magellan’s Strait), {| f ato as) | \ Blue mud (245 fathoms, Pacific). 


1. Pentagonaster senilunatus, Linck. 
Pentagonaster semilunatus, Linck, 1733, De Stellis marinis, p. 21, tab. xxiv., No. 39; tab, xxvii., No. 
45; tab. xxiii, No. 37. 
Asterias granularis (pars), Gmelin, 1789, Linn, Syst. Nat., Ed. xiii, p. 3164. 
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Asterias tessellata (pars), Lamarck, 1816, Hist, nat. anim. s. vert., t. i. p. 552. 
Goniaster cuspidatus, Gray, 1840, Ann. and Mag. Nat. Hist., vol. vi. p. 280. 
Astrogonium cuspidatum, Miiller and Troschel, 1842, System der Asteriden, p. 56. 
Goniaster semilunatus, von Martens, 1866, Archiv f. Naturg., Jahrg. xxxii., Bd. i. p. 86. 
Astrogonium dubium, Perrier, 1869, Ann. Sci. Nat. (Zool.), 5e Série, t. xii. p. 277. 
Goniaster americanus, Vertill, 1871, Amer. Journ. Sci. and Arts, vol. ii. p. 130. 
Goniaster africanus, Verrill, 1871, Amer. Journ. Sci. and Arts, vol. ii. p. 131. 
Astrogonium semilunatum, Perrier, 1885, Ann. Sci. Nat. (Zool.), vol. xix. No. 8, p. 37. 

Locahty.—St Vincent, Cape Verde Islands. 

Remarks.—A single small example was obtained during the Challenger Expedition, in 
which the rays are comparatively longer than in larger-sized specimens, but this circum- 
stance is probably consequent on its immaturity. 

This species is very widely distributed, being found on each side of the Atlantic, 
occurring off the west coast of Africa (off Senegal, Goree, Cape Verde Islands, and Bissagos 
Islands), and, on the American side, off the coasts of Brazil and South Carolina. It has 
also been collected off the coast of China and off Zanzibar. 

In the Berlin Museum there is a specimen bearing the locality record ‘‘ Ostindien,” from 
Schénlien’s collection, which is probably the example described by Miiller and Troschel. 
The species is also stated by von Martens' to have been obtained at Celebes by Schénlein. 

A remarkably fine series of examples from nearly all the above mentioned widely 
separated localities has been studied carefully by Prof. Perrier, who states that he is unable 
to point out any character by which these forms may be distinguished specifically. 


2. Pentagonaster granularis, Retzius, sp. 


Asterias granularis, Retzius, 1783, K. Vet. Acad. Nya Handlingar, Stockholm, t. iv. p. 238. 

Asterias granularis, Abildgaard, 1789, O. F. Miiller, Zool. Dan., vol. iii. p. 19, tab. xcii., figs. 1-4. 

Asterias tessellata (pars), Lamarck, 1816, Hist. nat. anim. s. vert., t. ii. p. 552. 

Astrogonium granulare, Miiller and Troschel, 1842, System der Asteriden, p. 57. 

Astrogonium boreale, Barrett, 1857, Ann. and Mag. Nat. Hist., 2nd ser., vol. xx. p. 47, pl iv., figs. 
5 a, 6. 


Goniaster granularis, Liitken, 1865, Videnskab. Medd. naturh. Foren. i Kjgbenhavn for 1864, p. 146. 
Pentagonaster (Astrogonium) granularis, Perrier, 1876, Révis. Stell. Mus., p. 224 (Archives de Zool. 
expér., t. v. p. 40). 

Localities.—Challenger Expedition : 

Station 49. Off the coast of the United States, south of Halifax, Nova Scotia. May 
20, 1873. Lat. 43° 3’ 0” N., long. 63° 390” W. Depth 85 fathoms. Gravel, stones. 
Bottom temperature 35°-0 Fahr.; surface temperature 40°°5 Fahr. 

“ Porcupine” Expedition : 

Station 51 (1869). In the Faerdée Channel. Lat. 60° 6’ N., long. 8° 14’ W. Depth 
440 fathoms. Bottom temperature 5°°5 C.; surface temperature 10°:9 C. 

Remarks.—This species is found on both sides of the northern area of the Atlantic. 


1 Archiv f. Naturg., 1866, Jahrg. xxxii, Bd. i., p. 86. 
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Its range of depth varies from 20 fathoms to 640 fathoms; the latter depth being off the 
North American coast (Verrill). 


3. Pentagonaster astrologorum (Miller and Troschel), Perrier. 


Astrogonium astrologorum, Miiller and Troschel, 1842, System der Asteriden, p. 54. 
Pentagonaster (?) astrologorum, Gray, 1866, Synop. Spec. Starf. Brit. Mus., p. 11. 
Pentagonaster astrologorum, Perrier, 1876, Révis. Stell. Mus., p.196 (Archives de Zool. expér., t.v. p. 12). 


Locality.—Sydney Harbour. 


4. Pentagonaster patagoncus, n. sp. (Pl. XLVI. figs. 3 and 4; Pl. XLIX. figs. 3 
and 4). 

Rays five. R=68 mm.; r=43 mm. R=1'58r. The minor radius is thus in the 
proportion of about 63 per cent. 

Body of large size. General form depressed and flat. Abactinal area slightly inflated 
in the central region and flexible. Marginal contour pentagonal with a slight stellate 
tendency, the extremities of the rays being pointed and slightly produced. Interbrachial 
ares forming a distinct curve sweeping from tip to tip. Margin thick and more or less 
vertical, the rounding more bevelled on the abactinal surface than on the actinal. 

The whole abactinal paxillar area is covered with small, regular, polygonal tabula or 
paxille, those in the radial areas regularly hexagonal and larger than those in the inter- 
mediate regions, which are rhomboid, and all diminish in size as they approach the margin. 
The larger paxille in the radial regions do not actually touch one another but are slightly 
spaced apart. These paxille consist of a hexagonal tabulum on a low broad base, and 
the tabulum is covered with low truncate granules, the marginal series of which are slightly 
larger than the rest and sub-prismatic or polygonal ; all the granules are uniformly trun- 
cate so as to form a smooth upper surface to the tabulum, which is also slightly convex ; 
and the edges of the paxille are sharply cut as if “dressed” with a knife. Occasional 
paxille at wide intervals apart bear a single small excavate pedicellaria, having two chisel- 
shaped or spatulate jaws, which can be drawn down more or less into the pit or cavity ; 
the form of the jaws varies considerably, sometimes being narrow and elongate, sometimes 
much broader and more lamelliform ; occasionally three jaws may be present. The small 
rhomboid tabula in the interradial regions, which are crowded and fit close to one another, 
have a much lower base; indeed the base appears to gradually diminish and the paxillar 
character to disappear as the tabula approach the margin. In the marginal region, where 
the tabula are smaller, faintly indicated lines may be seen to proceed inwards from the 
sutures of the supero-marginal plates, which have the appearance of dividing up this 
marginal series of small tabula into band-like series corresponding in breadth to the length 
of the marginal plates, four or five rows of tabula being in each band; this character is 
lost, however, as soon as the large hexagonal and separated paxille are reached. There 
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are six papulze round each tabulum, corresponding in position to the angles of the hexagon, 
and they are separated from one another by the stellate prolongations between the plates. 
The five primary interradial plates (basals) are clearly discernible and are distinctly larger 
than any of the other tabula. They are all equidistant from the centre, being from four 
to five times their own diameter distant. One bounds the adcentral side of the madre- 
poriform body and is larger than the others. The dorso-central plate may also be 
distinguished. 

The supero-marginal plates are fifteen in number, counting from the median interradial 
line to the extremity. They form a conspicuous border to the abactinal area and their 
breadth and length are subequal, except at the extremity, where they gradually diminish 
in size, and the breadth is in excess of the length; the plates are slightly convex and form 
a bevelled edge to the paxillar area. Their surface is covered with small, low, truncate, 
crowded granules, excepting a small irregular oval naked space on the abactinal surface. 
A number of the plates bear one of the small excavate pedicellarie, similar to those 
already described above, and these are frequently situated in the naked oval space. 

The infero-marginal plates correspond to the superior series, and are similarly covered 
with small, low, crowded granules. Only five or six plates on each side of the median 
interradial line have small naked areas on the actinal side, which are very much less 
than those on the superior series and gradually diminish as they proceed along the ray. 
It would appear that pedicellarize are normally not present on the infero-marginal plates. 
In the example under notice I have only found one plate thus furnished. 

The adambulacral plates are a little broader than long, and their armature consists of 
a marginal series of four or sometimes five short equal spinelets, irregularly cylindrical or 
often more or less subprismatic, with roundly truncate tips, frequently subclavate, and on 
the outer half of the ray more or less compressed in the direction of the axis of the ray. 
At a short distance behind these are normally three low, thick, dumpy, subclavate, papil- 
liform spinelets forming a slightly arched line traversing the plate diagonally, the aboral 
end of the series being nearest the marginal or furrow spinelets. External to these are a 
few (about five to seven) low, truncate, prismatic granules, which may either form two 
subregular parallel lines, or a diagonal line subparallel with the second series of dumpy 
papillz, with one or more granules filling in the vacant spaces at the corners left by the 
obliquity of the line. These outer granules are scarcely distinguishable from those on the 
adjacent actinal intermediate (ventral) plates to be described below. In two or three rare 
instances an incipient pedicellaria is present on the adambulacral plates, but not more than 
that number occur in the whole of the adambulacral plates of the example under description. 
Pedicellaria may therefore be said to be not present normally. Near the extremity of 
the ray there are not more than three furrow spinelets on each plate, and finally only two. 
And the second row of dumpy papilliform spinelets is at the same time represented by only 
two, one of which is much larger than the other, and on the terminal seventeen or eighteen 
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plates the larger one only is present, and is relatively increased in size and prominence 
in proportion to the size of the plate and the accompanying spinelets. 

The mouth-plates are elongate and triangular, slightly truncate posteriorly ; and the 
free margin of each plate forms a straight line in continuation of the series of adambulacral 
plates which border the furrow, the united pair thus completing conformably the apex of 
the rectilineal angle of the actinal interradial area which is bounded by the two adjacent 
furrows. The actinal surface of the plates is plane and presents no prominence or con- 
vexity. ‘The armature of each plate consists of a marginal series of eight or nine short, 
subprismatic, roundly truncate spinelets, exactly similar to those on the adambulacral 
plates. Behind this on the actinal surface of the plate are five or six thick, coarse, sub- 
prismatic papillz, the foremost three standing in a line parallel to the median suture, and 
this line is continued to the outer extremity of the plate by about half a dozen small, 
low, prismatic granules; the outermost three stand parallel to the marginal spines, and 
a few small granules extend from this point along the margin contingent with the 
adjacent adambulacral plate; and occasionally one or two stand in the intervening space 
between the line thus formed and the line of granules parallel to the furrow above noticed. 

The actinal interradial areas are covered with a great number of small, regular, quad- 
rangular intermediate plates. The largest are adjacent to the adambulacral plates ; and these 
as well as the next two or three longitudinal series are a little broader than long, the breadth 
diminishing in each row away from the furrow; the remaining intermediate plates have 
the length and breadth subequal, and all diminish in size as they approach the margin, 
where some small and irregular plates are found. The plates fit close together, forming a 
compact pavement. The surface of the plates is covered with coarse, uniform, subpris- 
matic granules, those forming the marginal series on each tabulum being a shade larger 
than the others, and always presenting a straight side to the margin, as if the outer edge 
of the whole series had been trimmed with a knife. The granules are closely placed, but 
do not touch one another. On a few of the plates is an excavate pedicellaria of similar 
character to those on the abactinal surface already described, but much larger and with 
broader jaws ; the largest ones are nearest the mouth, and pedicellariee generally are also of 
more frequent occurrence on the inner third of the area. Sometimes the pedicellarize appear 
as if formed of two pedicellariz closely juxtaposed, with the jaws either opening in the same 
plane or at an angle. In this case the pedicellarian apparatus of the plate has four jaws; 
in others there may be three jaws. The breadth of the jaws varies considerably, and there is 
no regularity in the orientation of the pedicellariz. The pedicellariz nearest the margin 
are much smaller, and nearly of the same character as those on the abactinal surface. 

The anal aperture is subcentral, and is on the right posterior area of the dorso-central 
plate, when the madreporite is placed in the right anterior interradinm. 

The madreporiform body is rather small, subpolygonal in form, and flatly convex ; it is 
situated at about one third of the distance from the centre to the margin. It is remark- 
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able for only showing convoluted striz on the bevelled margins of the body, the whole of 
the central area being covered with very numerous small oblong pits. 

Colour in alcohol, a bleached yellowish white, with a slight brownish shade. 

Individual Variation.—In a rather smaller example than that described above, R= 56 
mm., and from the same locality (Station 313), it is noteworthy that all the infero-marginal 
plates, excepting only the last two or three, have a well-developed oval naked space. In 
this specimen there is some irregularity both in the size and in the position of the large 
papilliform granules on the adambulacral plates which immediately succeed the furrow 
series, and sometimes only two are present. 

Locational Variation.—A series of specimens from Station 311 are all much smaller 
in size than the type described, the largest measuring only R=37 mm. In these the tips 
of the rays are slightly more definitely pointed, and all the infero-marginal plates have 
naked spaces, excepting only in some instances two or three plates at the tip. The naked 
spaces appear to be relatively larger in some of the smaller examples, but considerable 
variation is shown in the series in this respect ; and I am therefore unable to say definitely 
that the size of this area diminishes with age, although I am disposed to think that such 
is the case. It is remarkable that none of the specimens from this locality (Station 311) 
have any pedicellarie on the actinal surface. In the smallest example, which measures 
R=26 mm.,r=15 mm., there are eleven supero-marginal plates, counting from the 
median interradial line to the extremity. 

Localities.—Station 313. Near the Atlantic entrance to the Strait of Magellan. 
January 20,1876. Lat. 52° 20’ 0”S., long. 67° 39’ 0” W. Depth 55 fathoms. Sand. 
Bottom temperature 47°°8 Fahr. ; surface temperature 48°°2 Fahr. 

Station 311. Off the entrance to Smyth Channel. January 11, 1876. Lat. 52° 45’ 
30” §., long. 73° 46’ 0” W. Depth 245 fathoms. Blue mud. Bottom temperature 
46°0 Fahr. ; surface temperature 50°:0 Fahr. 


5. Pentagonaster japonicus, n. sp. (Pl. XLVI. figs. 1 and 2; Pl. XLIX. figs. 1 and 2). 


Rays five R=68mm.,7=50 mm. R=1367. The minor radius is thus in the 
proportion of about 73 per cent. 

Body of large size. General form depressed and thin. Abactinal area slightly convex 
and capable of being more or less inflated, the inflation being greatest in the radial regions, 
and emphasised by a conspicuous but shallow sulcus which traverses the interradial 
lines, but terminates at a short distance from the centre. The interradial channels are of 
uniform breadth, well defined and smooth, their character and regularity suggesting— 
fancifully, of course—the appearance of a mark produced by the pressure of a heated 
cylinder. The marginal contour has the form of an almost regular pentagon, with the 
sides very slightly incurved, the incurvature being produced more by a slight prolongation 
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of the ray than by the regular curve of the side as a whole. Margin thick and vertical, 
equally rounded actinally and abactinally. Actinal area plane or slightly concave, undu- 
lating, more or less flexible, and capable of some inflation ; a slight sulcus usually defined 
along the median interradial line. 

The whole abactinal area is covered with small, recular, polygonal tabula, which 
diminish in size as they approach the margin (where they are very small) ; they are also 
smaller in the central region of the disk and along the edge of the interradial sulcus than 
in the median radial area and on the actual floor of the sulcus. The larger tabula in the 
radial areas, which are more or less elevated or paxilliform, are comparatively widely 
spaced, exposing the papul, of which there are about six round each tabulum, separated 
from one another by the stellate prolongations of the basal portion of the plates. The 
paxillee consist of a hexagonal, rhomboid, or polygonal tabulum, slightly raised and 
faintly convex in the radial regions, where the paxille: are widely spaced. The tabulum 
is covered with coarse, low, and almost truncate granules, and the margin is surrounded 
by a series of thin lamelliform papille or flattened granules, which have a striking appear- 
ance as compared with other species (see Pl. XLIX. fig. 1). A small excavate pedicellaria 
with two rather broad jaws and associated pit is present on some of the tabula, and 
appears to be always placed at the margin of the tabulum, some of the neighbouring 
granules being scooped away as it were for its reception. 

The supero-marginal plates, which are seventeen in number, counting from the median 
interradial line to the extremity, form a well-defined and nearly uniformly broad border to 
the abactinal area. The plates near the interradial line have their length and breadth 
subequal, the length being perhaps slightly in excess; as they proceed along the 
ray, however, the length diminishes step by step, until at the extremity the breadth is 
fully twice as great as the length. The plates are distinctly tumid. The lateral surface 
of the plates is covered with very small, uniform, crowded granules, but on the abactinal 
area of the plate there is a large naked quadrangular space which occupies nearly the 
whole of that surface, being separated from the margin only by two (or rarely three) rows 
of the small granules. The majority of the plates bear one, or occasionally two, small 
pedicellarize placed at the edge of the naked space. 

The infero-marginal plates correspond to the superior series, and are, like them, 
covered with small crowded granules, excepting, however, a small circular area on the 
actinal surface of each plate, which is naked. Nearly all the infero-marginal plates bear 
one of the small excavate pedicellariw similar to those on the supero-marginal plates; a 
few plates bear two. The pedicellarise appear to be invariably placed close to one of the 
margins of the plate. 

The adambulacral plates are slightly broader than long, and their armature consists of a 
marginal series of six short, subequal spinelets, excepting the adoral spine of the series, which 
issmaller. The spinelets are thick and subprismatic or quadrangular in section, and have a 
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roundly truncate tip ; their base-line forms a slight curve, trending rather obliquely adorally. 
At a short distance behind the furrow series are three or four low, prismatic, laterally 
elongate granules, which form a slightly arched or straight series, traversing the plate 
slightly obliquely, the aboral end of the series being nearest the marginal or furrow series 
of spinelets. The remainder of the plate external to these is covered with large, low, sub- 
prismatic granules, which may form two or three subregular parallel lines but seldom defi- 
nitely regular. Normally each adambulacral plate bears a single large two-valved excavate 
pedicellaria which is usually placed at the adoral extremity of the first series of granules 
behind the furrow series, although occasionally it is found immediately behind this second 
series, but always adjacent to the adoral margin of the plate. Rarely near the mouth these 
pedicellarize may be rather irregular in construction, and formed of three or more valves. 

The mouth-plates are elongate and triangular, slightly truncate exteriorly, and with 
the free margin of each plate forming a straight line in continuation of the series of adam- 
bulacral plates, the united pair completing exactly the apex of the rectilineal angle of the 
actinal interradial area, bounded by the two adjacent furrows. The actinal surface of the 
plates is plane or very faintly convex. The armature of each plate consists of a mar- 
ginal series of nine or ten short, prismatic, roundly truncate spinelets, exactly similar to 
those upon the adambulacral plates, but which increase slightly in size as they approach 
the inner extremity of the mouth-plate. On the actinal surface of the plate a row of about 
seven or eight large, low, irregular-shaped, prismatic granules runs parallel to the median 
suture. The innermost two of this series might also be reckoned as parallel to the mar- 
ginal series, and three or four similar granules continue a line in this direction. Two or 
three small prismatic granules occupy the angular area between the two main series above 
described, and along the base-line of this area, which abuts on the first free adambulacral 
plate, is a straight series of similar granules. 

The actinal interradial areas are paved with a great number of small, normally quadran- 
gular, but occasionally polygonal, intermediate plates, which fit close together and form a 
compact pavement. The largest are adjacent to the adambulacral plates, and these as well 
as the next one or two series are a little broader than long, the breadth of each row 
diminishing as it recedes from the furrow. The remaining intermediate plates have 
the length and breadth approximately equal, or they may be irregular and trapezoid in 
shape. All the plates diminish in size as they approach the margin, the plates at the 
extreme edge of the area adjacent to the infero-marginal plates being very small. The 
surface of the plates is covered with small, low, uniform granules, which are arranged in 
straight series along the margins of the plates, but show no definite order within this 
boundary. In the row adjacent to the adambulacral plates nearly every intermediate plate 
bears a small excavate pedicellaria with two broad, low, truncate, lamelliform valves, a 
little broader than high. Occasionally two pedicellarize are present. Similar pedicellarize 
are also present on a number of plates in the neighbourhood of the median interradial line 
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and in an ill-defined region parallel to, and a little removed from, the infero-marginal 
plates. These pedicellarie on the intermediate plates are of nearly uniform size through- 
out, and there is no regularity in their orientation. 

The anal orifice is slightly excentric, and is surrounded by rather larger plates than in 
the central region generally. 

The madreporiform body, which is rather small and polygonal in form, is situated at 
about one-third of the distance from the centre to the margin. It is marked with fine, 
regular, sharply convoluted, centrifugally radiating striations. 

Colour in alcohol, a warm shade of light brown. 

Locality.—Station 232. South of Yeddo (Japan). May 12,1875. Lat. 35° 11’ 0” 
N., long. 139° 28’ 0” E. Depth 345 fathoms. Green mud. Bottom temperature 41°'1 
Fahr. ; surface temperature 64°°2 Fahr. 

Remarks.—Pentagonaster japonicus is distinguished from Pentagonaster patagonicus, 
to which it is most nearly allied, by the more regular pentagonal form, the sides being less 
eurved, and the rays less produced. The general granulation is finer. The structure of 
the paxillze and the armature of the adambulacral plates are characteristic, as well as the 
presence of numerous pedicellariz. 


6. Pentagonaster lepidus, n. sp. (Pl. LVII. figs. 14). 


Body pentagonal, with the sides slightly incurved and the extremities of the rays rather 
obtuse or rounded. R=7'5mm.; r=5mm. R=1°5~r. 

General form depressed and thin. Margins rounded and slightly bevelled abactinally. 
Abactinal surface feebly inflated along the median radial line; extremities of the rays 
slightly turned upward. 

The abactinal and marginal plates are covered with small, uniform, papilliform spinelets, 
distinctly clavate and well spaced ; those on the infero-marginal plates being longer than 
the others. The actinal intermediate plates are similarly covered with small spinelets, 
which are tapering. 

The papilliform spinelets on the abactinal plates simulate paxille in their posture and 
grouping, and the groups are tolerably spaced. A distinct median series traverses the 
radial line, and very little variation in size is noticeable throughout the area. 

The supero-marginal plates are nine in number on each side of the pentagon, and there 
is consequently an odd plate in the median interradial line. This plate is of the same 
shape and size as those on each side, its length and breadth being about equal. The 
length of the succeeding plates diminishes slightly as they approach the extremity. The 
odd terminal plate is rounded and patella-like. 

The infero-marginal plates bear longer spinelets than the superior series, and these are 
confined to the lateral face. The surface which is presented to the actinal area of the 
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starfish bears only very small and slightly tapering spinelets similar to those on the actinal 
intermediate plates. The actinal intermediate plates are comparatively large, but are 
scarcely definable. They bear numerous small, uniform, well-spaced, tapering spinelets 
which present no definite order of arrangement, but whose presence gives a decidedly 
hispid appearance to the actinal surface; all the spinelets are slightly inclined towards 
the margin of the starfish. 

The adambulacral plates have their length and breadth nearly equal. Their armature 
consists of a furrow series of three or four short, tapering spinelets, the fourth spinelet, 
when present, being adoral and very small. The series is slightly oblique in position, the 
adoral end being more remote from the furrow than the aboral. On the actinal surface of 
the plate is a series of about three spines, normally forming a slightly oblique line parallel 
to the furrow series, but often irregular. These spinelets are rather more robust than the 
furrow series and the aboral one is usually the largest, especially on the outer part of the 
ray, where the difference is very striking. 

The mouth-plates are flat and inconspicuous. Their armature consists of a marginal 
series of about four short, tapering spinelets rather wide apart, similar to those on the 
furrow margin of the adambulacral plates; and on the actinal surface of the plate are four 
spinelets near the outer margin remote from the mouth; and in the intermediate space two 
or three secondary mouth-spines, the innermost being robust and larger than any other 
spinelets on the actinal surface. 

The madreporiform body is hidden. I have not detected the presence of any pedi- 
- cellarize. 

Colour in alcohol, a bleached white, with a dark umber shade over part of the abactinal 
area, perhaps caused by the presence of mud beneath the clavate papillz or spinelets of 
the abactinal plates. 

Locality.—Station 78. Between the islands of San Miguel and Santa Maria (Azores). 
July 10,1873. Lat. 37° 26’ 0” N., long. 25° 130” W. Depth 1000 fathoms. Volcanic 
mud. Surface temperature 71°'0 Fahr. 

Remarks.—There is little doubt in my mind that this is a young and immature form ; 
and as to its true generic position I have felt much uncertainty. Its affinities appear to 
be nearest to Pentagonaster, and it has also some resemblance to Astrogonium. Notwith- 
standing its very hispid character and several other structural peculiarities, I have placed it 
with the former group, at least until other material is available for settling the question 
more satisfactorily. Of course it is quite possible that this may prove to be the young of 
one of the species recently described by Perrier’ from this area of the Atlantic, but I am 
unable to hazard even a suggestion. I am inclined to think from its general character, as 
well as from the presence of the odd interradial marginal plate, that the present form is 
distinct, and I have accordingly given ita name. Pentagonaster lepidus is quite devoid 

1 Ann. Sci. Nat. (Zool.), 1885, t. xix., Art, No. 8, pp. 34-36. 
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of the spiniform prolongation of the mouth-plates which is developed in Gnathaster, at 
even an earlier stage than this. It is to be remarked that G'nathaster is much more hispid 
in the young stage than in the adult, a character probably common to other forms of the 
Pentagonasteride. 


7. Pentagonaster arcuatus, n. sp. (Pl. LIL. figs. 1 and 2; Pl. XVIII. figs. 5 and 6). 


Rays five. R=45 mm.; 7=23°5 mm, R=1:937r. The minor radius is thus in the 
proportion of 52°2 per cent. 

General form flat, but moderately thick. Marginal contour stellato-pentagonal, with 
the radial angles produced and tapering to an acute extremity, which is slightly turned 
upward, Interbrachial ares widely rounded. Margins equally rounded abactinally and 
actinally. Abactinal area not elevated above the level of the marginal plates; slight 
depressions are present in the interradial areas near the margin, which are probably 
indicative of a limited capability of inflation. Actinal area subplane, with small well- 
defined depressions external to the mouth-plates. 

The abactinal area is covered with small, subcircular plates, closely placed, united by 
short, narrow prolongations, which leave interspaces for comparatively large papulz in the 
radial regions. The abactinal plates extend to the tip of the ray, two or more series 
separating the outermost supero-marginal plates from the corresponding plates on the 
other side of the ray. Seen from above the abactinal plates have a strikingly paxilliform 
appearance, when their granulation is intact ; the subcircular tabulum is surrounded by a 
marginal, series of small uniform, slightly elongate granules, moderately spaced, and so 
placed that they appear to radiate slightly apart. Within this ring are several small 
hemispherical granules, the majority of which are larger than the marginal series, but are 
in no sense elongate. A small valvate pedicellaria formed by two contingent granules is 
present on the tabulum of a few of the paxille, but these organs are of rare occurrence. 
The plates on the outer part of the ray and those adjacent to the margin throughout are 
devoid of stellate prolongations, and appear to have more or less of an imbricating 
character. 

The supero-marginal plates, which are seventeen or eighteen in number, counting from 
the median interradial line to the extremity, form a well-defined border to the abactinal 
area, which diminishes in breadth towards the extremity of the rays. The plates near the 
interradial line have their breadth rather greater than their length, and the length 
distinctly increases in a few of the succeeding plates, and then diminishes on the outer 
half of the ray. The surface of the plate, which is slightly convex in the transverse 
direction, is covered with rather large, well-spaced, hemispherical granules, those which 
bound the margin being rather smaller than the others, and regularly disposed in lineal 
series. The odd terminal plate is very small. 
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The infero-marginal plates correspond to the superior series in the neighbourhood of 
the median interradial line, but alternate with them along the rest of the ray. They are 
covered with precisely similar granules. I have detected no pedicellariz on either series 
of marginal plates. 

The adambulacral plates are slightly broader than long, and their armature consists of 
three regular series of spinelets. In the furrow series are seven moderately elongate, 
prismatic spinelets, compressed transversely, with obtusely rounded tips, subequal in length 
excepting one or two at the adoral end of the series which are rather shorter; these 
spinelets radiate very slightly apart, but to such a small degree that their disposition is 
almost that of a compact comb. The second series, which is placed on the actinal surface 
of the plate, consists of five quadrangular prismatic spinelets, which taper slightly, and 
are shorter but more robust than the furrow series. The adoral spinelet of this series is 
usually placed rather further back on the plate than the others, a circumstance which 
causes this series to have the appearance of a slightly oblique position. The third 
series is close to the external margin of the plate, and consists of four or five low, equal, 
granuliform spinelets, or spiniform granules, much shorter than the median series just 
described. The outer spinelet at each end of the series is often accompanied by another 
placed close behind, and this is sometimes modified into a pedicellaria. Sometimes the 
whole line may be doubled on the outer part of the ray. The three distinct series of 
spinelets above described are comparatively widely spaced apart. 

The mouth-plates are small and inconspicuous. Their armature consists of a marginal 
series on each plate of ten to thirteen powerful representatives of the marginal spinelets 
on the adambulacral plates, which increase in size as they approach the mouth. On the 
actinal surface of the plate is a lineal series of about five short, robust, prismatic secon- 
dary spinelets, and on the outer part of the plate are a few prismatic granules. 

The actinal interradial areas are large, and extend far along the ray. The inter- 
mediate plates have, in consequence of their mode of granulation, a very paxilliform 
appearance, their armature consisting of a marginal series of slightly elongate sub- 
prismatic granules surrounding several larger hemispherical granules, all of which are 
well spaced. 

The madreporiform body is situated near the centre, its inner margin being less than 
one-fourth of the distance from the centre to the margin. It is rather large and sub- 
circular in outline, and its surface is marked with fine striations, which are much con- 
voluted in the central region. 

Colour in alcohol, a light shade of umber brown. 

Locality.—Station 232. South of Yeddo, Japan. May 12, 1875. Lat. 35° 11’ 0” 
N., long. 139° 28’ 0” E. Depth 345 fathoms. Green mud. Bottom temperature 41°:1 
Fahr. ; surface temperature 64°-2 Fahr. 


Remarks.—This species is distinct from any other Pentagonaster with which I am 
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acquainted, and is readily distinguished from all the Pacific forms at present known. Its 
general character points to some alliance with Pentagonaster intermedius, of which Penta- 
gonaster arcuatus is perhaps the Pacific representative. In some of its structural details 
Pentagonaster arcuatus resembles forms grouped in the genus Nymphaster, of which I 
was at first disposed to consider it an aberrant species. Iam still in some doubt as to 
whether this form is correctly referred to the genus Pentagonaster, but with only a single 
example for study, that course appeared to me the most justifiable. 


Genus Calliaster, Gray. 
Calliaster, Gray, Ann. and Mag. Nat. Hist., 1840, vol. vi. p. 280. 


This genus was established by Gray in 1840, but was merged by Perrier! in 1876 in 
the genus Pentagonaster, with doubtful subgeneric rank. A fine series of well-preserved 
specimens, comprising the types of Gray’s species, exist in the British Museum; and after 
a careful study of these, together with the new form, I consider that the genus established 
by Gray should be maintained. The characters of the adambulacral armature, of the 
actinal intermediate plates, and of the general facies of the form appear to me to be 
worthy of recognition, at least until more is known of the internal anatomy of the various 
members of the Pentagonasteride, and of the true taxonomic value of the correlated 
external structures. 


Chorology of the Genus Calliaster. 


a, Geographical distribution :— 
ATLANTIC: One species between the parallels of 30° and 40° S. 
Calliaster baccatus off the Cape of Good Hope. 


Paciric: One species between the parallels of 30° and 40° N. 
Calliaster childreni off the coast of Japan. 


8. Bathymetrical range: Appears to be confined to the Littoral zone: 18 fathoms is 
the greatest depth recorded by the Challenger. 


y. Nature of the Sea-bottom: Not recorded. 


Chorological Synopsis of the Species. 


Ocean. | Range in Fathoms, Nature of the Sea-bottom. 
Calliaster baccatus  . : ; Atlantic. | 5 to 18 
Calliaster childreni . .  . | Pacific. | ‘a 


‘ Révis. Stell. Mus., p. 215 (Archives de Zool. expér., 1876, t. v. p. 31). 
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1. Calliaster baccatus, n. sp. (P]. LVI. figs. 1-4). 

Rays five. R=44 mm.; r=18 mm. Breadth of a ray at the fourth marginal plate, 
10°5 mm. 

Rays short and of almost uniform breadth throughout after the basal expansion is 
passed ; extremities obtuse. Interbrachial arcs widely rounded. Lateral walls rather 
thick and vertical. Abactinal area more or less inflated. 

The abactinal area is covered with rather large, irregularly circular tabula, the medio- 
radial series and the primary apical plates being the largest, and all diminishing in size as 
they recede from the centre. Each plate bears on its tabulum a large robust, thimble-shaped 
granule or stumpy spinelet, or, very rarely, two smaller ones may be present. The margin 
of the tabulum is surrounded by a ring of comparatively large and somewhat irregular 
bead-like granules of low elevation, somewhat flattened from the outside, having the 
appearance of being skin-covered, and consequently rather badly defined. They suggest 
in a certain degree the granules which bound the scrobicular ring around the primary 
tubercles of most of the Cidaride. In the interspaces between the plates small papule 
may be seen. 

The marginal plates are massive, and each is distinctly tumid, especially in the supero- 
marginal series. ‘The supero-marginal plates are nine in number, counting from the 
median interradial line to the extremity, and exclusive of the odd terminal plate. They 
form a broad conspicuous border to the disk and rays, the breadth of which increases 
slightly as it approaches the extremity. The plates adjacent to the median interradial 
line have the length subequal to, or slightly greater than, the breadth as seen from above, 
but at the extremity of the ray these proportions are reversed, and the breadth is distinctly 
in excess of the length. The penultimate plate is the largest of the series, and touches the 
corresponding plate of the other side of the ray in the median line. The last paired plate is 
small and wedge-shaped, and the odd terminal plate is small and more or less tubercle-like. 
The surface of the plates is perfectly smooth, and their margin is surrounded by a single 
series of rather large, flattened, bead-like granules. ach plate, excepting the innermost, 
bears a single knob-like tubercle or large stumpy granule on the lateral wall at its union 
with the abactinal area, and close to the aboral margin of the plate. The third and fourth 
plates from the median interradial line also bear a similar tubercle close to their inner 
margin, adjacent to the paxillar area; and in one instance the fifth plate is similarly 
furnished. The last three plates may bear one or two smaller granules near their aboral 
margin, and the terminal plate may also bear from one to three granules at its 
extremity. 

The infero-marginal plates are ten in number. They are similar in character to the 
superior series, being smooth, and margined by a single series of bead-like granules; and 
they bear two or three knob-like granules near their aboral margin at the junction of the 
actinal and lateral areas. On the plates at the base of the rays there is a tendency for 
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these knobs to form a small lineal series slightly oblique in relation to the aboral margin 
of the plate. 

The adambulacral plates are considerably broader than long. Their armature consists 
of a furrow series of three short, robust, slightly tapering but obtuscly tipped spinelets, 
radiating slightly apart; and the median spinelet is rather larger than its companions. 
On the actinal surface of the plate are two thick, short, robust, obtuse, stumpy spinelets ; 
and on the inner half of the ray frequently three, placed one behind the other. These are 
so large that they leave no room on the plate for anything but an occasional and irregularly 
placed granule. The margin of the plate is surrounded by a single series of large bead- 
like granules distinctly spaced. 

The actinal interradial areas extend as far as the fourth infero-marginal plate, and are 
covered with large plates or tabula, which resemble those on the abactinal area. The 
tabula are margined by bead-like granules, the separate plates being thus distinctly 
marked, and each plate bears from one to three short, robust, obtuse, papilliform granules or 
spinelets similar to those on the actinal surface of the adambulacral plates, all increasing 
slightly in size as they approach the mouth. 

The mouth-plates are large but not prominent. Their armature consists of a marginal 
series of four spines on each plate, which increase in size as they advance inward. There 
is thus a pair of large, cylindrical, obtusely tipped spines at each mouth-angle directed 
over and closing the actinostome. On the actinal surface of the plates are two large, 
robust, cylindrical spinelets, slightly larger than any of the other large obtuse spinelets 
on the actinal surface, and behind these are two granules forming with the two secondary 
or superficial spines just mentioned a lineal series. 

The tube-feet have large sucker disks; and the ambulacral furrows are narrow and 
closed over by the armature of the adambulacral plates. 

The anal aperture is subcentral and margined by one or two rings of granules, the 
inner series small, the outer larger and more irregular. 

The madreporiform body is conspicuous and situated about midway between the 
centre and the margin. Its surface is slightly convex and is marked with fine striation- 
furrows, which are much convoluted and meandriform. 

Colour in alcohol, a bleached ashy or yellowish white. 

Locality.—Simon’s Bay, Cape of Good Hope. Depth 5 to 18 fathoms. 

Remarks.—This species is readily distinguished from Calliaster childreni, Gray, the only 
other species of Calliaster at present known, by the obtuse and non-tapering rays, as well 
as by the less tumid supero-marginal plates, which distinctly increase in breadth as they 
approach the extremity, whilst in Calliaster children they slightly diminish. Calliaster 
baceatus is further characterised by the more numerous spines on the abactinal plates, 
which are more stumpy, as well as by the much coarser and peculiar bead-like granules 
that surround the tabula. In Calliaster childreni only the medio-radial series of tabula 
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and a few in the central region bear spines, whereas in the present form all are normally 
so furnished. On the actinal surface also the spines are similarly more numerous in 
Calliaster baccatus. The adambulacral armature in the two forms is strikingly different ; 
in Calliaster childreni the furrow series of spinelets being seven or eight in number, 
very small and equal; but in the present form there are three only, which are large and 
unequal. Other differences occur in minor points of ornamentation, &c., to which it 
is unnecessary to refer in detail. 


Genus Chitonaster, Sladen. 
Chitonaster, Sladen in Narr. Chall. Exp., 1885, vol. i. p. 614. 


Marginal contour stellate, with a rigid convex disk, and short, tapering, rounded rays. 
Abactinal area high and inflated over the disk. 

Abactinal area covered with closely-fitting hexagonal, or slightly rounded, plates 
overlaid with a uniform layer of membrane. Lach bearing a short obtuse spinelet or 
elongate tubercle. 

Marginal plates large and covered with membrane. ‘The superior and inferior series 
subequal, the latter being rather broader. The supero-marginal plates normally bear 
two short, obtuse, cylindrical spinelets, standing one above the other on the median 
transverse line of the plate. The infero-marginal plates are similar in form and character, 
and each bears two or three similar spinelets, also arranged in line transverse to the axis 
of the ray. 

Adambulacral armature consisting of three large, isolated, cylindrical, obtuse spinelets, 
which form a line at right angles to the furrow. 

Actinal intermediate areas small, confined to the region of the disk, and accommodating 
very few intermediate plates. 

Madreporiform body small, situated nearer the margin than the centre of the disk. 

Anal aperture subcentral. 

No pedicellarize present. 

Remarks.—This genus is distinct from all known forms, and is remarkable not only 
for its structure, but also on account of the great depth at which it occurs. The general 
form and the character of the plating appear to justify the inclusion of Chztonaster in the 
Pentagonasteridz, notwithstanding the fact that the family contains no genus with which 
a direct alliance can be established. This circumstance is, however, not so surprising as 
would at first appear, when it is borne in mind how very few members of the Penta- 
gonasteridze occur in deep water. 

Unfortunately only a single example of this interesting starfish was collected by the 
Challenger: the following remarks are therefore necessarily limited entirely to external 
characters, as I consider it undesirable to mutilate this unique specimen. 


REPORT ON THE ASTEROIDEA. 283 


Chorology of the Genus Chitonaster. 


a. Geographical distribution :— 


SouTHERN OcEAN: One species between the parallels of 60° and 70° §, 
Chitonaster cataphractus, in the neighbourhood of the pack ice of 
the Antarctic Circle, near the meridian of 95° E. longitude. 


8. Bathymetrical range: 1975 fathoms. 
y. Nature of the Sea-bottom: Diatom ooze. 


Chorological Synopsis of the Species. 


Ocean. Range in Fathoms. Nature of the Sea-bottom, 


Chitonaster cataphractus . Southern Ocean. 1975 Diatom ooze. 


1. Chitonaster cataphractus, n. sp. (Pl. LXXIIL, figs. 1-3). 


Rays five. R=16°5mm.; 7=5 mm. R>3r. Breadth of a ray between the second 
and third infero-marginal plates, 4°75 mm. 

General form stellate. Rays well produced and tapering from the base to the extremity. 
Abactinal area of the disk convex and almost hemispherical as seen in profile, that of the rays 
rounded and forming with the lateral wall a uniform curvature. Actinal area subplane. 

The abactinal area is more or less rigid and entirely covered with closely-fitting 
hexagonal, or perhaps in places partially rounded, plates overlaid with a uniform layer of 
membrane, which renders it difficult to define exactly the outline of all the plates. Each 
plate bears one, and occasionally two or even three, short, robust, cylindrical, obtuse 
spinelets or elongate tubercles, uniform and equal throughout, the membrane mounting 
the base, but becoming so thin on the upper part that it is scarcely perceptible. No 
definite order of arrangement of the plates is distinguishable, but on the outer part of the 
ray only a single series of abactinal plates separates the supero-marginal plates of the two 
sides of a ray; and these extend uninterruptedly to the tip and are comparatively large. 
Occasionally a small granule is present on the plates, usually near the edge. I have failed 
to detect the presence of any trace of papule. 

The supero-marginal plates, which are thirteen in number, counting from the median 
interradial line to the extremity, have the height (or breadth) greater than the length, 
and are slightly arched upon the abactinal surface in conformity with the rotundity of the 
ray. ach plate bears normally two short, obtuse, cylindrical spinelets or tubercles, 
similar to those on the abactinal plates, placed one above the other, that is to say along 
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the median line of height at right angles to the direction of the axis of the ray. Some- 
times only one spinelet is present, and this usually occurs in the interbrachial are; and 
sometimes a much smaller tubercle or granule may be present in addition to the two large 
ones above described, and this may stand either by the side of the upper spinelet or above 
it, in the latter case forming a lineal series of three along the median transverse line of 
the plate. 

The infero-marginal plates are similar to the superior series but are not all regularly 
correspondent, and their breadth is rather greater than that of the latter plates. Hach 
plate bears two or three spinelets or elongate tubercles, similar to those above described, 
placed in lineal series along the median transverse line of the plate; often one or two of 
these tubercles are much smaller. At the extremity of the ray the infero-marginal plates 
are smaller than the superior series, and only bear one spinelet. The surface of the 
marginal plates is slightly convex in the median transverse line, and the character is 
more or less emphasised by the membrane mounting the base of the spinelets. 

The adambulacral plates are large and broader than long. Their armature consists of 
three large, cylindrical, obtuse spinelets, which form a transverse series along the median 
line of the plate at right angles to the furrow. ‘The spinelet on the furrow margin and 
the middle one are subequal and much longer than any of the other spinelets on the 
animal ; the outer spinelet is smaller. These spinelets radiate slightly apart. Occasionally 
there is a second and smaller spinelet on the furrow margin on the adoral side of the 
furrow spine proper, and placed somewhat obliquely in relation to it. Occasionally there 
may be an additional small spinelet at the outer end of the transverse series. 

The mouth-plates are small and present no actinal prominence. Their armature 
consists of three spinelets on the free margin. The innermost spine is large and cylin- 
drical, the second is smaller and slightly tapering, the third is larger than the second and 
cylindrical, and should perhaps be counted with the superficial series. On the actinal 
surface of the plate are two much smaller spinelets, the outermost smallest, forming with 
the outer marginal spine a line of three, corresponding to the three spines on the adam- 
bulacral plates. No other spines are present on the plates. The plates do not appear to 
meet in the median suture, but no superficial indication of this is present, as the whole sur- 
face is covered with the same uniform layer of membrane as the other parts of the starfish. 

The actinal interradial areas are very small. Not more than four or six intermediate 
plates are present in each, and each of these bears a small tubercle similar to, but smaller 
than those on the abactinal plates. Consequently all except the innermost three or four 
adambulacral plates are contingent on the infero-marginal plates. 

The anal aperture, which is subcentral and slightly excentric, is conspicuous and 
margined by a number of robust elongate granules. 

The madreporiform body is small and has very coarse strize, which, in consequence of 
their disposition, give the organ almost the appearance of a group of coarse granules. It 
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is situated nearer the margin than the centre of the disk, at the top of the lateral wall in the 
interbrachial arc, and is surrounded by the spinelets borne on the adjacent abactinal plates. 

No pedicellarie of any kind are present. 

The ambulacral tube-feet have large fleshy disks. 

Colour in alcohol, an ashy grey. 

Locality.—Station 156. In the neighbourhood of the pack ice, near the Antarctic 
Circle. February 26, 1874. Lat. 62° 26’ 0” S.; long. 95° 44’ 0” E, Depth 1975 
fathoms. Diatom ooze. Bottom temperature 32°1° Fahr. ; surface temperature 37°2° Fahr. 


Genus Gnathaster, n. gen. 


It is not without great reluctance that I have proposed a new generic name for the 
present small group of species. I had hoped in the first instance to have limited the term 
Astrogonium in such a way as to have served for their reception, since all the species 
except the new ones have at various times been ranked in that genus. Unfortunately, 
however, they do not comprise a single species referred by Miiller and Troschel to their 
genus ; and on carefully studying the diagnosis given in the System der Asteriden 
(p. 52) it will be seen that that diagnosis could in no way be amended so as to admit of 
the reception of the forms now under consideration, without such a radical alteration as 
would really take away from it the only characters upon which its original recognition 
depended. 

On referring to the series of species grouped by Miiller and Troschel in the genus 
Astrogonium, it will be apparent that all of them, excepting the form originally described 
by Gray’ under the name of Pentagonaster pulchellus, are referrible to the older genera 
Pentagonaster of Linck and Hippasteria of Gray. It is therefore to this form, Penta- 
gonaster pulchellus, Gray, and its subsequently described allies, that the generic appella- 
tion of Astrogonium should now be applied, if the name is retained at all. 

Perrier * has recently expressed the opinion that this type (Pentagonaster pulchellus, 
Gray), together with a small assemblage of allied species, is worthy of independent generic 
recognition. This view appears to me just, and based on the presence of characters the 
morphological significance of which had hitherto been overlooked. As a generic name 
for this group, Perrier has restored that of Stephanaster of Ayres,’ on the ground that 
Stephanaster elegans, Ayres, is synonymous with Pentagonaster pulchellus, Gray, or in 
other words, that the form described by Gray in 1840, under the name of Pentagonaster 
pulchellus, was redescribed by Ayres in 1851 under the name of Stephanaster elegans, on 
the supposition that it was a genus and species new to science. 

With this selection of a name for the group in question I am unable to agree, for in 

* Ann. and Mag. Nat. Hist., 1840, vol. vi. p. 280. 


2 Ann. Sci. Nat. (Zool.), 1885, t. xix., Art. No. 8, p. 30. 
* Proc. Boston Soc. Nat. Hist., 1851, vol. iv. p. 118. 
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my judgment the name Astrogoniwm, Miiller and Troschel, 1842, has, for the reasons 
above stated, a ten years’ priority, irrespective altogether of usage, which ought not to 
be set aside in favour of Stephanaster, and it is therefore to this group only, in my opinion, 
that the name Astrogoniwm can logically be applied. 

The small series of species which have now to be considered are readily distinguished 
by certain structural characters from all the other Pentagonasteride. I propose to group 


them together under the generic name of Gnathaster, and define the genus by the following 
characters :— 


(1.) Plates of the abactinal area more or less truly paxilliform. 

(2.) Tegumentary developments more or less spiniform. 

(3.) Mouth-plates with a prominent keel developed into an elongate spiniform process. 
(4.) An odd interradial marginal plate present in most, if not in all, cases, 


In this genus I include the species previously described under the following names :— 


Goniodiscus singularis, Miller and Troschel. Pentagonaster dilatatus, Perrier. 
Astrogonium miliare, Gray. Astrogonium meridionale, Smith. 
Astrogonium paxillosum, Gray. Calliderma grayi, Bell. 


To these are added two new species discovered by the Challenger. 


Chorology of the Genus Gnathaster. 
a. Geographical distribution :— 


Arzantic: Three species between the parallels of 50° and 60° S. 
*Gnathaster pilulatus, near the Atlantic entrance to the Strait of 
Magellan. Gnathaster grayi and Gnathaster paaillosus, at Sandy 
Point in the Strait of Magellan. The latter species is also found in 
the Eastern Archipelago off the coast of North Australia. 


Pactric: Three species between the parallels of 30° and 55° S. 
Gnathaster singularis, off the west coast of South America. 
Gnathaster miliaris and Gnathaster dilatatus, off New Zealand. 


HasteRN ARCHIPELAGO: One species between the parallels of 5° and 15° S$. 
Gnathaster paxillosus, from Port Essington, off North Australia. 
This species also occurs in the Strait of Magellan (fide Bell’). 


SourHerN Ocean: Two species between the parallels of 40° and 60° 8. 
*Gnathaster meridionalis and *Gnathaster elongatus, off Marion 
Island, Kerguelen Island, and Heard Island. 


The species collected by the Challenger are indicated in the foregoing list by an 
asterisk. 
1 Proc. Zool. Soc. Lond., 1881, p. 97. 
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8. Bathymetrical range: 5 to 150 fathoms. 
Gnathaster meridionalis ranges from 5 to 150 fathoms, and Gnathaster 
elongatus from 50 to 150 fathoms. G@nathaster pilulatus is found in 55 
fathoms. Gnathaster singularis is recorded from shallow water to 30 fathoms, 
Gnathaster paxillosus and Gnathaster grayi from 9 to 10 fathoms. 
Greatest range of one species: G'nathaster meridionalis, 5 to 150 fathoms. 
y. Nature of the Sea-bottom: The character of the ground is only recorded in the 
case of the species above mentioned. Gnathaster meridionalis and Gnath- 
aster elongatus are found on volcanic mud and coarse gravel (the latter in 150 
fathoms). Gnathaster pilulatus inhabits a sandy bottom. Gnathaster singu- 
laris occurs on rock, kelp, and mud. Gnathaster pawillosus and Gnathaster 
gray? on sand. 


Chorological Synopsis of the Species herein mentioned. 


Ocean. Range in Fathoms. Nature of the Sea-bottom. 
Gnathaster elongatus . : : Southern. 50 to 150 Volcanic mud ; coarse gravel. 
Gnathaster meridionalis 5 Southern. 5 to 150 Volcanic mud ; coarse gravel. 
Gnathaster pilulatus . ; : Atlantic. 55 Sand. 


1. Gnathaster meridionalis, Smith, sp. (Pl. XLVII. figs. 1 and 2; Pl. XLIX. figs. 11 
and 12). 
Astrogonium meridionale, Smith, 1876, Ann. and Mag. Nat. Hist., ser. 4, vol. xvii. pelOo: 
Pentagonaster meridionalis, Smith, 1879, Phil. Trans., Zool. Kerguelen Island, vol. clxviii. p. 276, 
pl. xvi. figs. 6, 6a. 

Localites.—Station 145. Off Marion Island. December 26, 1873. Depth 50 fathoms. 

Station 149p. Royal Sound, Kerguelen Island. January 20, 1874. Depth 28 
fathoms. 

Station 1494. Off Cumberland Bay, Kerguelen Island. January 29, 1874. Depth 
127 fathoms. The bottom deposit at all Stations in the neighbourhood of Kerguelen is 
a greenish voleanic mud. 

Station 150. Between Kerguelen Island and Heard Island. February 2, 1874. Lat. 
52° 4’ 0"S., long. 71° 220” E. Depth 150 fathoms. Coarse gravel. Bottom tempera- 
ture 35°°2 Fahr. ; surface temperature 37°°5 Fahr. 

Station 151. Off Heard Island. February 7, 1874. Lat. 52° 59’ 30” S., long. 73° 
33’ 30” E. Depth 75 fathoms. Volcanic mud. Surface temperature 36°-2 Fahr. 

Remarks.—A fine series of this species was obtained off Kerguelen, Marion, and Heard 
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Islands, those from the two last-named localities being nearly all young forms. The 
majority of the examples from Kerguelen are considerably larger than the type form 
described by Mr. Smith, which was also collected at Kerguelen, during the sojourn of the 
Transit of Venus Expedition in 1875. The largest specimen dredged by the Challenger 
measures R= 68-70 mm.; r=27 mm.; another example, R=60 mm.; r=23 mm. I 
have figured one of these examples. 

I have failed to detect any pedicellariz in this species, although it is distinctly stated 
in Mr. Smith’s diagnosis that numerous large ones occur in the interspaces between the 
paxille on the abactinal area. Numerous large and conspicuous papule are present in 
all these interspaces, and I venture to suggest with little hesitation that these are the 
organs referred to, the word “ pedicellariis” having probably slipped in inadvertently. 

Young Phase.—The small examples taken off Marion and Heard Islands exhibit so 
unmistakably the characters of the adult, that I feel little or no hesitation in assigning 
them to this species, notwithstanding their being found in association with Gnathaster 
elongatus. It is to be confessed, however, that I should have shrunk from expressing an 
opinion so definitely if the young of Gnathaster elongatus had been unknown, but fortu- 
nately small examples of that species were found at Marion Island and Kerguelen, which on 
their part resemble so characteristically the adult form of their species, and are so readily 
distinguishable from the young examples of the same size of Gnathaster meridionalis, as 
to place the question almost beyond doubt. I have given figures of the young of both 
species, see P]. XIX. and Pl. XLVIII. The adult forms are drawn on Pl. XLVII. and 
PL XLYODU, 


2. Gnathaster elongatus, n. sp. (Pl. XLVIII. figs. 1-4; Pl. XLIX. figs. 5-10; Pl. 
XIX. figs. 5 and 6). 


Rays five R=56 mm.; r=16°5 mm. (Another example, R=62 mm.; r=17 
mm.) R-=3'5 r approximately. Breadth of a ray between the second and third supero- 
marginal plates, 14°5 mm. 

Rays long, narrow throughout and tapering for the genus. General form subdepressed. 
Abactinal area capable of slight inflation, often producing the effect of carination along 
the ray. Actinal area subconvex, especially apparent along the ray. Margin thin but 
rounded outwardly. Interbrachial ares wide and open, but often with a slight tendency 
to become angular at the summit of the are. 

The whole abactinal paxillar area is covered with low and rather distinctly spaced 
pseudo-paxillz, leaving small spaces for the protrusion of the papule. The crown or 
tabulum of the paxilla is subcircular and bears nine to twelve or more very short papilli- 
form granules, of which one to three are central; these are coarse, subprismatic, roundly 
truncate, all perfectly uniform in height, size, and character, and are not specially crowded 
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upon one another. The paxill along the sides of the rays are arranged in regular obliquely 
transverse lines, seven or eight being present in each series near the base of the ray. The 
paxille in the central area of the disk and in the narrow median strip along the rays 
are not included in this arrangement. A certain longitudinal disposition, though scarcely 
to be described as subregular, occurs along the ray. 

The supero-marginal plates are small and subrhomboidal in form, the sutures between 
adjacent plates forming obliquely transverse lines, which trend from within outward and 
slightly backward. The supero-marginal plates are thirty in number counting from the 
median interradial line to the extremity. There is a small odd triangular plate in the 
median interradial line which does not reach the margin. The innermost marginal plates 
have the breadth slightly in excess of the length, but along the greater part of the ray the 
length is slightly greater than the breadth. At the extremity the breadth of the plates is 
greater than the length and owing to their posture on the ray the height is the predomi- 
nant dimension. On the inner part and until quite near the extremity the plates are low 
and flat-lying, with the height less than the other dimensions. The surface of the plates 
is covered with numerous comparatively large, coarse, low, subprismatic, truncate granules 
all of uniform size, not specially crowded and superficially similar in all respects to the 
granules on the paxille. The divisions between succeeding plates are well marked. 
Usually two of the obliquely transverse series of paxillee are opposite each supero-mar- 
ginal plate. 

The infero-marginal plates correspond in length to the superior series, and are confined 
almost entirely to the lateral wall, curving very slightly towards the actinal surface, very 
little of their surface being seen when the starfish is viewed from below; though the 
amount presented may vary slightly according to the inflation of the ray and the consequent 
posture of the marginal plates. When the lateral wall of the ray is placed in the direct 
line of view, the height of the plate is seen to be rather greater than the length on the 
inner part of the ray and at the extremity, but rather less than the length midway along 
the ray. They are covered with precisely similar granules to those on the supero-marginal 
plates. here is also an odd infero-marginal plate in the median interradial line, narrow 
and wedge-shaped, its outline being an isosceles triangle, whilst that of the odd supero- 
marginal plate is an equilateral one. 

The adambulacral plates are short and broad, and their armature consists on the inner 
half of the ray of four or five oblique pairs of spines standing one behind the other; but 
on the other part no more than three pairs are present. The spines of the pair which 
stands on the furrow margin are slightly larger than the rest, cylindrical, robust at the 
base, tapering, and more or less pointed. In the succeeding pairs the spines are less 
tapering and less pointed, and the outer pairs are considerably smaller than the others ; 
on the outer half of the ray being scarcely distinguishable from the granules on the adjacent 


intermediate plates. The pair next the furrow pair are often so very oblique in their 
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posture that at first sight the foremost spine of this pair appears as if it stood alone, the 
companion spine seeming at the same time to disturb the regularity of the succeeding 
pair. 

The mouth-plates are narrow and united, forming a sharp-ridged keel along the median 
line, which is prolonged exteriorly into a vitreous spine-like prolongation. Their armature 
consists of three or four very small spines on the free margin of each plate, attached at a 
low level, and almost hidden by the overhanging prominence of the mouth-plates anteriorly. 
The last adambulacral plate merged in the mouth-plate bears larger spines than any of 
the others and differently shaped, there being three greatly thickened spines, and 
sometimes a fourth much smaller at the outer end of the series, standing in line close to 
the elevated keel of the mouth-plate ; and a smaller one on each side of the innermost of 
these large spines forming a line of three on the furrow margin of the plate. 

The actinal interradial areas are extensive, and reach very nearly, if not quite, to 
the extremity of the ray. They are occupied by numerous small and recularly disposed 
plates, bearing pseudo-paxilliform groups of granules, which become more spiniform and 
pointed on the inner part of the interradial area, whilst those near the margin and along 
the ray are low, subprismatic, and roundly truncate. The form of the groups on the inner 
part of the area is circular, and there are nine or ten spinelets with one central. The 
innermost paxilla, which occupies the angle of the area next the mouth-plates, has a 
central pedicellarian apparatus formed of three or four delicate, straight, tapering, pointed 
spines, rather wide apart at their bases, but meeting in a point, giving a pointed conical 
form to the pseudo-pedicellaria. Similar but smaller pedicellarize may be present on five 
or six of the paxillz adjacent to the adambulacral plates on the inner part of the area. 
The groups of granules along the ray are quadrate in form and have no resemblance to 
paxillee. The whole plate and tabulum whereon the granules or spines are borne is sunken 
below the general actinal membrane, the groups of spines and granules alone marking the 
separate plates; the groups, however, are very distinctly defined, and are arranged in 
regular lines which proceed from the adambulacral plates to the infero-marginal plates, 
about ten being present in the lines adjacent to the median interradial line, whilst not 
more than three or perhaps four are present midway on the ray. Within the disk the 
adambulacral plates and their armature stand up as a prominent margin on each side of 
the furrow, and the inner part of the interradial area has in consequence more or less of 
an impressed character in the neighbourhood of the mouth-plates. 

The anal aperture is subcentral and distinct. 

The madreporiform body is small and slightly convex. It lies midway between the 
centre of the disk and the marginal plates, and is bounded on its adcentral side by a large 
crescentiform plate larger than any of the others on the abactinal area. The striations 
are fine and comparatively straight from the point of flexure, which is usually angular. 

The ambulacral tube-feet have a fleshy sucker disk. 
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The terminal plate is very small and rounded outwardly. 

Young Phase.—A small example from Christmas Harbour, Kerguelen, measuring 
R=20 mm., 7=7°5 mm., presents all the characters of the adult in a remarkable degree. 
The same low truncate uniform granules, forming the same level surface, both on the 
actinal and abactinal areas. There is not the slightest hesitation in saying that this 
example is the young of the species under notice. Its difference from the young of 
Gnathaster meridionalis of the same size is very marked and striking. There are nine- 
teen supero-marginal plates counting from the median interradial line to the extremity. 
There are not more than four to seven granules in the paxille. The armature of the 
adambulacral plates is of the same character as in the adult. The vitreous spine-like 
prolongation of the united mouth-plates is well developed. A single pseudo-pedicellaria, 
conical and pointed, is present on the innermost plate in the interradial area. The 
odd marginal plate is small in the superior series, but that in the inferior series is 
relatively larger than in the adult, here re-entering the margin. 

There is also a young example dredged near Marion Island, in which the rays are slightly 
narrower at the base, and though equally long are rather less attenuate outwardly, and the 
abactinal surface is somewhat less full and baggy. In these slight differences this young 
form resembles the adult specimens from the neighbourhood of Heard Island more closely 
than it does those from Kerguelen. This example is figured on Plate XIX. 

Variations.—The principal variation that I have noted is in some large examples 
from Christmas Harbour, Kerguelen, in which the breadth of the ray at the base is 
greater, and gives a more triangular form to the ray. The flexible and almost baggy 
character of the abactinal surface is also more noticeable, from which [ infer, as well as 
from a less collapsed example, that the form was tolerably thick and puffy over the disk 
when alive. The actinal area is decidedly convex; and when the whole starfish is 
viewed in profile, the narrow double band of marginal plates appears as a slightly nipped- 
together ridge midway between the abactinal and actinal convexities. It is interesting 
to note that in one of these examples the primary interradial plates are distinctly 
observable on the'disk. They are small, oval, slightly convex plates, situated at about 
the same distance from the centre as the large crescentiform plate on the adcentral 
side of the madreporiform body, but are, however, of much smaller size. In one of 
these examples I notice a tendency to lateral compression and truncation at the tip of 
the innermost furrow spines in the adambulacral armature; but not in others: the 
circumstance is therefore only noted as a point affected by variation. 

Colour in aleohol, a bleached dirty ashy or greyish white. 

Localities.—Station 145. Off Marion Island. December 26,1873. Depth 50 fathoms. 

Station 149H. Off Cumberland Bay, Kereueien Island. January 29, 1874. Depth 
127 fathoms. Bottom deposit a greenish volcanic mud. 

Station 150. Between Kerguelen Island and Heard Island. February 2, 1874. Lat. 
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52° 4’ 0” S., long. 71° 22’ 0” E. Depth 150 fathoms. Coarse gravel. Bottom tem- 
perature 35°°2 Fahr. ; surface temperature 37°°5 Fahr. 
Station 151. Off Heard Island.. February 7, 1874. Lat. 52° 59’ 30” 8, long. 73° 
33’ 30” E. Depth 75 fathoms. Volcanic mud. Surface temperature 36°-2 Fahr. 
Remarks.—This species is readily recognised by the length of the rays, by their 
narrow and tapering form, by the flexibility of the abactinal surface, and by the uniform 
low granulation, which in no case approaches the character of spines. 


3. Gnathaster pilulatus, n. sp. (Pl. LVII. figs. 5-7). 


Rays five. R=42 mm.; r=21-23 mm. R=2,r approximately. Breadth of a ray 
at the base, 24 mm. 

General form depressed, slightly inflated over the radial areas; marginal contour 
stellato-pentagonal. Rays short and triangular in form, wide at the base, tapering con- 
tinuously to the extremity, with straight sides. Interbrachial arcs very wide, distinctly 
angular at the summit. 

The whole abactinal paxillar area is covered with comparatively large, short-stalked, 
capitate, well-spaced paxilla, the crown of which consists of a dozen or more low, truncate, 
close-fitting, prismatic granules, surrounded by a number of small papilliform spinelets, 
the whole forming a compact, smooth-surfaced, hemispherical knob, which has the appear- 
ance to the naked eye of a well-defined tubercle. The paxillee are widely spaced, and the 
papulz, which are large, have the appearance of emerging from the angles of a hexagonal 
plate. The arrangement of the paxillz is in regular oblique transverse lines, and the 
paxillee diminish gradually in size as they recede from the median line of the ray and 
approach the margin. In a large specimen, which has the radial inflation fairly well 
developed, there is a distinct depression or channel traversing the median interradial 
line. 

The supero-marginal plates are small and quadrangular, distinctly broader than long, 
the sutures between adjacent plates being broad and well-defined. The supero-marginal 
plates are nineteen in number from the median interradial line to the extremity; and 
there is also an odd cuneiform plate in the median interradial line. The surface of the 
plates is slightly convex, and covered with low, uniformly truncate, subprismatic 
granules. 

The infero-marginal plates correspond in number and also more or less in size to the 
superior series, but their armature is quite different, and causes this series of plates to 
appear much more prominent than the superior series, leading at first sight to the sup- 
position that they (the infero-marginal plates) alone form the outer margin. They are 
covered with small, robust, conical-pointed, papilliform spinelets, their disposition giving a 
bristling or tufted appearance to the plates, in strong contrast to the low and uniformly 
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truncate granules of the supero-marginal plates. There is also an odd plate in the median 
interradial line, generally narrower than the others, but sometimes so nearly similar that 
it is hard to distinguish. 

The adambulacral plates are short but broad, and their armature consists of four or 
five pairs of spinelets standing one behind the other, the outermost pair being much 
smaller than the rest, which are nearly equal. The inner pair of spines on the furrow 
margin are flattened and truncate at the tip, the flattening being at right angles to the 
furrow ; sometimes the second pair are in like manner slightly flattened, but usually the 
second and third pair are cylindrical and truncate or obtusely rounded; the small outer- 
most pair are more conically pointed. Occasionally there is some obliquity in the posture 
of the second and third pair, but this is by no means the rule. 

The mouth-plates are rather small and narrow, each pair intimately united and forming 
a prominent keel along the median line, which is prolonged posteriorly as a short sharply- 
pointed vitreous spine. Their armature consists of four or five small spines on the ante- 
rior free margin of each plate, often chisel-formed in the adult ; and five or six short cylin- 
drical upright spines, which form a line on each side of the vitreous prolongation, the lines 
converging as they proceed outward, and the spinelets diminishing gradually in size. 

The actinal interradial areas are extensive and covered with small subrhomboid pave- 
ment-like plates, regularly arranged, which diminish in size as they recede from the inner 
part of the area, and extend very nearly to the tip of the ray. The plates bear a paxilli- 
form group of small conical-pointed spinelets, often subfusiform or narrower at the base 
than at the outer third. There may be from five to a dozen spinelets in a tuft, radiating 
apart slightly, and with three or four central spinelets a little longer than the rest, the 
separate tuft-like groups being fairly well-defined. The larger spines are nearly, but not 
quite, as large as those in the armature of the adambulacral plates. 

The anal aperture is obscured by paxillee, but there is no reason to doubt its presence. 

The madreporiform body is small, subcircular, and slightly convex, situated nearer the 
centre of the disk than midway between that point and the margin. Its surface is marked 
with fine striations, which are considerably convoluted. The paxilla standing on its ad- 
central side is rather larger than the others in this neighbourhood. 

The ambulacral tube-feet have a well-developed sucker-disk. 

Young Phase.—In a smaller specimen than the above, measuring R= 27 mm., r= 14:5 
mm., there are seventeen supero-marginal plates between the odd median interradial plate 
and the terminal, and the whole character of the abactinal surface is precisely similar to 
that already described above. The singular puffball-like appearance of the paxille is if 
anything even more pronounced. The armature of the infero-marginal plates is, however, 
scarcely so spiniform as in the adult, this character being only developed on the actinal 
part of the plate,—the covering of the upper part of the plate, which enters into the 
lateral wall of the ray, being truncate, prismatic granules, similar to those on the supero- 
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marginal plates, The spinulation of the actinal intermediate plates is well-developed and 
delicate, the delicacy emphasising the spiniform character. The spines forming the arma- 
ture of the adambulacral plates are also more delicate and relatively longer than in the 
adult. 

Malformation of ray.—The smaller specimen above mentioned is interesting from 
the fact that one of the rays is bifurcate, forming two subequal branches, each having 
about ten supero-marginal plates on a side. The two branches are formed with great 
regularity, and there is no imperfection to lead to the suggestion that one has better claim 
than the other to be ranked as the true tip of the radius. Both have a terminal plate, 
and the ambulacral furrow passes along each branch regularly and equally. 

Colour in alcohol, a bleached greyish white. 

Locality.—Station 313. Off Cape Virgins, eastern coast of South America, near the 
Atlantic entrance to the Strait of Magellan. January 20, 1876. Lat. 52° 20’0” S., 
long. 67° 390” W. Depth 55 fathoms. Sand. Bottom temperature 47°'8 Fahr. ; surface 
temperature 48°°2 Fahr. 

Remarks.—Perhaps the nearest ally of this species is Gnathaster meridionalis. The 
present form may, however, be at once distinguished by the more depressed form of 
the body, by the less produced rays, which are broader at the base and distinctly tri- 
angular, by the peculiar capitate tubercle-like paxillee, and by the character of the spinu- 
lation of the actinal area generally. 


Genus Nymphaster, Sladen. 
Nymphaster, Sladen in Narr. Chall. Exp., 1885, vol. i. p. 612. 


Disk large and flat. Rays elongate, slender, tapering, and almost square in section. 

Marginal plates forming a broad border to the disk, and either united along the median 
abactinal line of the ray throughout, or separated only by a single series of medio-radial 
plates. The marginal plates of both series are granulated and bear no spines. 

Abactinal area of the disk covered with large and regularly arranged plates; those in 
the radial areas well separated, usually hexagonal, more or less tabulate and paxilliform, 
and frequently bearing an excavate or entrenched pedicellaria. 

Actinal interradial areas large, confined to the disk. Actinal intermediate plates well 
defined, covered with uniform granules and occasionally bearing pedicellariz. 

Armature of the adambulacral plates arranged in longitudinal series. 

Madreporiform body exposed and situated within one third of the distance from the 
centre to the margin. 


Large entrenched pedicellariz are frequently present on the marginal plates in some 
species. 
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Remarks.—The group of species which I have classed in this genus form two very 
distinct sections, one of which may perhaps ultimately be considered worthy of being re- 
cognised as a subgenus, if it be not actually accorded generic rank. From the scantiness 
of the material now available, I have not, however, felt justified in taking this step at 
present, but merely indicate what seems to me may be the possible future requirement of 
the case when a more extensive series of specimens can be studied. 


Synopsis of the Species included in the Genus Nymphaster herein described. 


A. Supero-marginal plates separated throughout the ray by a median abactinal series of 
plates. Plates of the abactinal radial areas distinctly paxilliform. Entrenched 
pedicellariz present. 

a. Radial paxille with a large number of central granules. Rays comparatively 


long . ; : 3 : : ; ’ ; . 4 d , symbolicus. 
b. Radial paxillea with only two central granules, Rays comparatively short . bipunctus. 
B. Supero-marginal plates united in the median abactinal line throughout the ray. Plates 
of the abactinal radial areas very slightly tabulate. No entrenched pedi- 
cellariz present. 
a, Adambulacral armature with a secondary series of spinelets on the actinal sur- 
face of the plate . 5 : : ° ; ; , ; : : protentus. 
b. Adambulacral armature with no secondary series of spinelets ; granules only on 
the actinal surface of the plate. 
a. Radial paxille hexagonal; with pedicellaria . : , ‘ : basilicus. 
b. Radial paxille circular ; bearing no pedicellarie . : : : albidus. 


So far as I can judge from the information published, I am inclined to think that 
the following forms will ultimately be associated with the species I have placed in this 
genus, viz. Dorigona subspinosa, Perrier, Dorigona arenata, Perrier, Dorigona ternalis, 
Perrier, Dorigona prehensilis, Perrier, and Pentagonaster (Dorigona) moebii, Studer. 
Probably Pentagonaster alexandri, Perrier, may also be included in the same category ; 
and perhaps the form described under the name of Astrogoniwm fallax, Perrier, as well. 
Pentagonaster elongatus, Perrier, is another doubtful form, but from the description 
given appears to me to be more nearly related to one of the species I have placed in 
the genus Paragonaster, in which I venture to think it will ultimately be classed. 


Chorology of the Genus Nymphaster. 
a. Geographical distribution :— 
Atiantic: Three (or probably nine) species between the parallels of 40° N. and 
20° S. 
Nymphaster albidus, off the Cape Verde Islands. Mymphaster 
protentus, south-west of the Canary Islands. Nymphaster basilicus, 
off the west coast of Brazil. 
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The five or six additional species dredged by the “Blake,” “Tra- 
vailleur,” and “Talisman” Expeditions, which were mentioned above 
as probably belonging to this genus, are all from the North-Atlantic 
area. 


Pactric: One species between the parallels of 10° N. and 10° 8. 
Nymphaster bipunctus, north of Admiralty Island. 


EASTERN ARCHIPELAGO: One species between the parallels of 20° N. and 20° 8. 
Nymphaster symbolicus, off the Philippine Islands, and in the Ara- 
fura Sea. Nymphaster symbolicus, var. breviradiata, in the Banda Sea. 


8. Bathymetrical range: 28 to 1525 fathoms. 


Two species, viz., Nymphaster bipunctus and Nymphaster symbolicus, are 
found in the Littoral zone; and two species, viz., Nymphaster basilicus and 
Nymphaster protentus, are confined to the Abyssal zone. 

Greatest range of one species: Nymphaster symbolicus, 28 to 115 fathoms. 

If the additional North-Atlantic species, which I suppose to belong to this 
genus, be taken into consideration, the greatest range and greatest depth is 
attained by the species described as Pentagonaster alexandri, Perrier, which, 
according to Perrier, extends from 84 to 1930 fathoms. (I have already ex- 
pressed my doubt as to the original generic reference of this form, under the 
head of the chorology of the genus Pentagonaster.) The form described as 
Dorigona arenata, Perrier, extends from 164 to 893 fathoms. 


y. Nature of the Sea-bottom: Each of the species dredged by the Challenger was 


found inhabiting ground of a different nature. The two deep-water forms, 
Nymphaster basilicus and Nymphaster protentus, were on Red mud and Hard 
eround respectively. Nymphaster bipunctus occurred on Coral mud, and 
Nymphaster symbolicus on Green mud, the variety of the latter—Nymphaster 
symbolicus var. breviradiata—living on Blue mud. 


Chorological Synopsis of the Species. 


Ocean. Range in Fathoms. Nature of the Sea-bottom. 

Nymphaster albidus . Atlantic. wee vee 
Nymphaster basilicus . Atlantic. 1200 Red mud. 
Nymphaster bipunctus Pacific. 150 Coral mud. 
Nymphaster protentus . | Atlantic. 1525 Hard ground. 
Nymphaster symbolicus K Eastern Archipelago. 28 to 115 Green mud. 

7 t e , _ 
giyaehae pigeons ner \ Eastern Archipelago. 140 Blue mud. 
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1. Nymphaster symbolicus, n. sp. (Pl. L. figs. 1 and 2; Pl. LIII. figs. 7 and 8). 


Rays five. R=85 mm.; r=26mm. R>325 7. The minor radius is thus in the 
proportion of about 30 per cent. 

General form flat and thin. Disk large and pentagonal. Rays elongate, narrow, and 
tapering continuously to a slender extremity ; width midway between the centre of the 
disk and the extremity, 8°25 mm.; width at the commencement of the outer fourth, 
4mm. Interbrachial arcs wide and openly rounded. 

The marginal plates are broad and massive, the outer part forming a vertical lateral 
wall, the abactinal and lateral areas of the plate being at right angles to one another, with 
the junction abrupt and subangular. The intermediate paxillar area is on a level with the 
supero-marginal plates, and the section of the ray is almost rectangular in outline, its 
horizontal diameter being twice the vertical near the base of the ray, but decreasing in 
proportion as it proceeds outward. The supero-marginal plates are thirty-three in number 
from the median interradial line to the extremity. Their length is little more than their 
height, and their breadth is nearly twice their height. On the outer part of the ray the 
length is greater than the breadth, the height remaining the least dimension. The surface 
of the plates is covered with a uniform, small, semiglobular, miliary granulation. The 
granules do not touch one another, but closely cover the whole plate, and at the lateral 
margins form a lineal series which helps to define the sutures between adjacent plates. The 
median surface of the plate is faintly convex. Hach of the plates, except at the end of the ray, 
may bear one or two long entrenched pedicellariz on the abactinal surface, and frequently 
(at least in large specimens) a rather smaller one also at the angular junction of the abactinal 
and lateral surfaces, but which may not, however, proceed very far along the ray. These 
pedicellariz have the appearance superficially of a straight cut or slit about 1:25 mm. in 
length, intersected midway by a very small but wider cross cut; the jaws of the pedi- 
cellarize have somewhat the form of the letter T, with its vertical line greatly prolonged ; 
and when retracted, fit exactly in the excavations above described. The pedicellariz 
have no definite posture on the plates. The odd terminal plate is comparatively large in 
relation to the neighbouring marginal plates; it is elongately shield-shaped, with the 
angular extremity directed inward, and the outer portion of the plate rounded sub- 
cylindrically and contracting slightly and gradually towards the extremity, which is 
obtuse. The infero-marginal plates correspond to the superior series, the rounding 
towards the actinal area being rather more decided. They are covered with a precisely 
similar small granulation, and each usually bears one of the entrenched pedicellarize on 
the actinal surface. The breadth of the infero-marginal plates diminishes rapidly after 
passing the base of the ray, and thence to the extremity the length becomes the largest 
dimension. 

The armature of the adambulacral plates consists of a furrow series of ten delicate, 
rather elongate spinelets, flattened laterally to a uniform thickness but tapering towards 
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the tip in the other dimension when seen from the side. All are of uniform length except 
the outermost at each end of the series, or that at the adoral end only, which is shorter ; 
they stand compactly side by side or radiate very slightly, the base line being almost 
straight or presenting only a very gentle curve. The adoral spinelet is rather more robust 
than the rest and is placed a little backward on the plate. External to the furrow series 
is an outer series of six spinelets, which are much more robust than the furrow series but 
are about equal in length to them, except the outer ones which are smaller, the median 
spines being the longest. These form a curved longitudinal line, often somewhat oblique 
in its position on the plate; and the spines are very robust at the base, having the form of 
four-sided rectangular prisms, which taper to a pointed extremity. External to these are 
one, two, or three, longitudinal series, according to the position on the ray, of short, trun- 
cate, prismatic or polygonal granules, of equal height and well-spaced ; four or five granules 
are present in each series, and sometimes one or two additional to fill in the interspaces 
caused by the obliquity of any of the series. 

The actinal interradial areas are extensive and almost equilaterally triangular in out- 
line, excepting the interbrachial curve. They are paved with well-defined actinal inter- 
mediate plates, the series adjacent to the adambulacral plates being pentagonal in shape, 
whilst the majority of the rest are square or rectangular, though a few may be hexagonal 
or irregular. The series of plates next to the adambulacral plates are about twelve to 
eighteen in number, and diminish in size as they proceed outward ; the other plates of the 
area are arranged in lines parallel to the last named and consequently parallel to the 
furrow. The median interradial line of the area is not marked by any abrupt termination 
of the converging series; and the plates diminish in size as they approach the margin, 
being smallest at the position corresponding to the termination of the interradial line there. 
The plates have a series of small subprismatic granules arranged round their margin and 
rather well spaced; and the surface of the plate bears a number of larger and more elongate 
granules of prismatic form and well spaced ; on the larger plates from seven to twelve or 
even more are present, the number and size varying in proportion to the size of the plate. 
Adjacent plates have the appearance of being separated by a narrow channel and this 
feature is further emphasised by the well-defined series of marginal granules. Entrenched 
pedicellarize are present on the plates adjacent to the adambulacral plates and are there 
usually guarded by two or more granules, larger than the rest, placed near the median 
part where the jaws articulate. Similar pedicellarize may also be found on a few of the 
other actinal intermediate plates, but are quite occasional and of rare occurrence. 

Mouth-plates elongate and narrow, with a series of twelve spinelets on the free margin 
in the ambulacral furrow similar in character to the adambulacral spinelets, but increasing 
in robustness as they proceed inward. A lineal series of nine papilliform spinelets stands 
on the actinal surface of the plate parallel to the median suture; the inner three or four 
are moderately elongate and spiniform, robust, subprismatic, pointed, and well-spaced, 
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whilst the outer members of the series are simply truncate papille or elongate granules. 
On the margin of the mouth-plate adjacent to the adambulacral plate is a series of six 
papilliform spinelets or granules similar to the last-mentioned. One or two additional 
spinelets usually stand on the interspace of the plate formed by the divergence of this and 
the median series. 

The paxillee of the abactinal area are of two forms, and present a very ornate appear- 
ance.. Those which occupy the radial portions of the disk are hexagonal, tabulate, and 
well spaced, with a definitely-arranged spinulation ; the covering of the interradial areas, 
on the other hand, consists of square or rhomboid plates compactly placed and covered 
with a small uniform miliary granulation similar to that on the supero-marginal plates. 
The median radial line is oceupied by a longitudinal series of transversely elongate hexa- 
gonal paxillz, which are larger than any of the others. Their transverse diameter is 
2mm., and the longitudinal measurement (corresponding to the direction of the ray) varies 
from 1 to1‘5mm. The margin of the tabulum is occupied by a regularly placed series of 
twenty-two to twenty-five short, prismatic, sharply truncate spinelets, their truncation 
being in conformity with the well-defined, regular and sharply-angular hexagonal outline 
of the paxilla as a whole, which is so regular that these spinelets almost appear as if 
trimmed into form with a knife. The central portion of the tabulum is occupied by seven 
to eighteen semiglobular well-spaced granules, which vary in size according to number, 
but are of uniform size on a given tabulum. When this series of paxille reaches the 
base of the ray proper, they lose their tabulate character and appear more like simple 
hexagonal plates compactly placed, and the marginal series of spinelets lose their 
prismatic character and become rounded granules similar to those on the surface of 
the tabulum, and at the same time the latter increase in number. Towards the end of 
the ray the paxillar plates lose their hexagonal outline and become square, and finally 
become so small that their serial succession is interrupted by the contact of 
the two corresponding supero-marginal plates from each side of the ray. The 
radial series then rapidly aborts, and the extremity of the ray is occupied entirely 
by the supero-marginal plates. On each side of the median radial line of paxille, within 
the area of the disk, are three parallel longitudinal series of similar, but somewhat 
smaller, hexagonal tabulated paxille. The outermost two are confined to the area of the 
disk and terminate at the base of the ray; the innermost, however, is continued a little 
further along the ray, nearly to the middle, but the hexagonal form is altogether lost ; and 
all the plates near the base of the ray and any which proceed along it change the special 
spinulation of the tabulated paxillz for the small miliary granulation similar to that on 
the supero-marginal plates above noticed. The tabulated paxillee of the three series on 
each side of the median row are of the same height and character as the latter, and they 
stand well spaced, so that the star-like prolongations uniting the bases, as well as the 
papulz, are visible. The row of paxille next to the median series have their transverse 
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diameter only very slightly greater than the longitudinal ; and in the outer two series the 
difference is still smaller, whilst the respective diameters in the outermost series are almost 
equal. The tabula of the three lateral series of paxille bear fourteen to sixteen of the 
marginal prismatic spinelets, and four to eight of the semiglobular granules in the enclosed 
area. Most of the paxille of the median series bear one of the large entrenched pedi- 
cellarize similar to those above described, which extends across the major diameter of 
the tabulum ; and here and there a paxilla of the lateral series is similarly provided. 

The interradial areas are nearly equilaterally triangular in outline, the base extending 
along seven or eight of the supero-marginal plates in the interbrachial arc; they are 
covered with small subrhomboid plates compactly placed in lines parallel to the longi- 
tudinal series of the radial areas, and are beset with small, uniform, semiglobular granules 
similar to those on the supero-marginal plates; some of these plates are also furnished 
with pedicellarize, but they are few and far between. The converging lines of plates do 
not form any abrupt indication of the median interradial line. 

The primary embryonic plates are clearly discernible, the primary radials and basal 
plates being larger than the other paxille ; a plate representing the under-basal is also to be 
distinguished, and this is frequently separated from the primary radial by a pair of inter- 
mediate plates; one or more series of intermediate plates intervene between the above- 
mentioned primary plates and the dorso-central, which is a little larger. The anal 
aperture lies external to this plate, opposite the postero-lateral interradium. The madre- 
poriform body is small and slightly convex, and is placed external to the adjacent basal 
plate, its position on the disk being about one-fifth of the distance from the centre to the 
extreme margin. 

Colour in alcohol, yellowish white. 

Localities.—Station 204. Off Tablas Island, Philippine group. November 2, 1874. 
Lat. 12° 43’ 0” N., long. 122° 9’ 0” E. Depth 100 to 115 fathoms. Green mud. 
Surface temperature 84°-0 Fahr. 

Station 188. In the Arafura Sea, near the entrance to Torres Straits. September 
10, 1874. Lat. 9° 59’ 0” S., long. 189° 42’ 0” E. Depth 28 fathoms. Green mud. 
Surface temperature 78°°5 Fahr. 

Remarks.—Nymphaster symbolicus is readily distinguished from Nymphaster pro- 
tentus and its allies by the tabulate and paxilliform character of the radial abactinal 
plates, by the presence of a medio-radial series of plates, which separate the two opposite 
series of supero-marginal plates throughout the ray, and by the presence of large entrenched 
pedicellarize of a remarkable form. 


la. Nymphaster symbolicus, var. breviradiata, nov. 


A variety of Nymphaster symbolicus occurs at Station 192. The form is of smaller 
size, but the rays are comparatively a little wider and shorter. The paxille of the 
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abactinal area are larger, and bear on the central part of the tabulum more numerous 


- granules, which are polygonal and truncate instead of semiglobular, closely crowded, and 


usually form three or four lines. This form is remarkable for very peculiar additions to 
the pedicellariz on the plates adjacent to the adambulacral plates. These consist of two 
large prominent rounded granules, placed on one side of the entrenched pedicellariz 
and closely apposed together, themselves appearing like a thick massive subvalvate 
pedicellaria. 

Locality.—Station 192. In the Banda Sea, between the Ki Islands and the Banda 
Islands. September 26, 1874. Lat. 5° 49’ 15” S., long. 132° 14’ 15” E. Depth 140 
fathoms. Blue mud. Surface temperature 82°:0 Fahr. 


2. Nymphaster bipunctus, n. sp. (Pl. LIT. figs 3 and 4; Pl. LIII. figs. 11 and 12). 


Rays five R=34mm.; r=12 mm. R<3r. The minor radius is thus in the pro- 
portion of about 35 per cent. 

Rays rather short in comparison with the other members of the genus, narrow, and 
tapering slightly towards the extremity, which has the appearance of being rapidly pointed. 
Width midway between the centre and the extremity, 5°75 mm.  Interbrachial arcs 
wide and flattened, which emphasises the pentagonal form of the disk. 

The marginal plates are massive and form a vertical lateral wall, the section of the ray 
being rectangular in outline, with the angles slightly rounded. The supero-marginal 
plates are fifteen in number from the median interradial line to the extremity. The inner- 
most plates in the interbrachial arc have their height about equal to their length, whilst the 
breadth as seen from above is slightly greater. As they proceed along the ray, the pro- 
portion of the height diminishes and also that of the breadth, but to a less degree, the 
length being the greatest dimension near the extremity. The surface of the plates is 
covered with a small, uniform, semiglobular miliary granulation, fairly well spaced and 
distributed without order on the plate, except at the lateral margins, where it forms a lineal 
series and has a tendency to become slightly more papilliform. The median surface of the 
plates is slightly convex. One of the entrenched pedicellariz similar to those described 
in Nymphaster symbolicus occurs on the abactinal area of nearly all the supero-marginal 
plates, except at the extremity of the ray. The odd terminal plate is elongate and shield- 
shaped, angular adorally, with its free extremity subcylindrical, slightly tapering and 
obtusely truncate. The infero-marginal plates correspond to the superior series and are 
covered with similar and uniform miliary granules. Not more than two or three of the 
infero-marginal plates in each radial span are furnished with a pedicellaria, 

The armature of the adambulacral plates consists of a furrow series of eight very 
delicate spinelets, except near the middle of the ray, where ten are often present, and at 
the extremity where the number is less. The spinelets, which are very small, elongate, 
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subcylindrical, and slightly tapering, radiate slightly apart, and their base line forms a 
gentle curve; the outermost spinelet at each extremity of the series is smaller than the 
others, the adoral one being the smallest, often almost aborted, and has the appearance of 
being placed rather far back on the plate. External to the furrow series is an outer series 
of four or five spinelets, which are much more robust, subpapilliform, slightly compressed, 
and stand in an oblique line which is farthest from the furrow adorally. The second spine 
from the aboral extremity of the series is the longest, and the most adoral the shortest, 
the intermediate spines forming a graduating series. External to these spinelets is a lineal 
series running parallel to the furrow, of four or five short papille, scarcely distinguishable 
from the miliary granules of the actinal intermediate plates. 

The actinal interradial areas are paved with comparatively large intermediate plates, 
which are consequently few in number; they do not vary greatly in size, and most are 
subrectangular or subrhomboid in shape, though a few are irregular. All have a series of 
small papilliform granules arranged round their margins, and a few similar papille widely 
spaced on the surface of the plate. Most of the plates in the series adjacent to the adam- 
bulacral plates bear one of the entrenched pedicellarize, but the other intermediate plates 
appear to be devoid of them, excepting perhaps a solitary one rarely. 

The mouth-plates are small, elongate, and narrow. They bear a series of about ten 
spinelets on the margin bordering the furrow, which increase in robustness as they proceed 
inward, the innermost being flattened into a broad knife-like appendage, with the thin 
edge placed in the direction of the ray. On the actinal surface of the plate a series of 
spinelets runs parallel to the median suture; they increase in length as they proceed in- 
ward, the outer ones being papilliform granules. Five small papilliform spinelets border 
the margin adjacent to the adambulacral plate, and a transverse or diagonal series of three 
short cylindrical spinelets proceeds from near the termination of the latter series at the 
furrow, across the surface of the plate, towards the longitudinal series adjacent to the 
median suture. One to three small -papilliform granules may also be present on the 
enclosed area on the outer half of the plate. 

The paxille of the abactinal area are tabulate, hexagonal, and distinctly separate in the 
radial areas, whilst those of the small triangular interradial areas are square or subrhom- 
boid and closely placed. The median radial line is occupied by a regular longitudinal 
series of hexagonal paxille, slightly larger than the rest, and with their transverse 
diameter a little greater than the longitudinal. On reaching the base of the ray these 
paxille lose their hexagonal form, become rectangular, and, gradually diminishing in size, 
do not extend beyond the middle of the ray, the supero-marginal plates of the two 
opposite sides of the ray uniting in the median abactinal line along the outer half of the 
ray. There are three parallel longitudinal series of similar paxillee on each side of the 
median row. The series next to the median one have the paxille only very slightly 
elongate transversely, whilst in the outer two rows they are subcircular. None of 
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these outer series of paxilla extends beyond the base of the ray. The margin of the 
tabulum is surrounded by ten to fourteen short, truncate, papilliform granules, and in the 
centre are usually two small semiglobular granules, though one only frequently occurs in 
the outer rows ; occasionally four are present. Very few of the paxille on the abactinal 
area are furnished with pedicellariz. 

The abactinal interradial areas are very small and triangular in outline ; the plates 
(paxille), which are square or subrhomboid, are closely placed and have no papule between 
them. They form series parallel to the radial series above described, but there is no 
abrupt indication of the median interradial line by the converging series, and not more 
than five or six plates are present in the longest row. These plates have a marginal series 
of papilliform granules and one in the centre. 

The primary embryonic plates are discernible. The basals and dorso-central are larger 
than the other plates, and the under-basals are larger than the radials. The under-basals 
appear normally to be in contact with the dorso-central plate, but two or three irreoular 
plates are present. The madreporiform body is subcircular, with numerous minute striz, 
and lies external to the adjacent basal plate, which covers a rather larger area. 

Colour in alcohol, a yellowish white. 

Locality.—Station 219. North of Admiralty Island. March 10, 1875. Lat. 1° 54’ 
0” S., long. 146° 39’ 40” E. Depth 150 fathoms. Coral mud. Surface temperature 
84°-0 Fahr. 

Remarks.—It is possible that this form may turn out ultimately to be the young of 
Nymphaster symbolicus, when a more extended range of specimens can be studied. So 
far, however, as judgment can be drawn from a single specimen, the characters appear to 
be so well marked that I prefer to place the form for the present as an independent species. 
The difference of the abactinal paxillee from those of Nymphaster symbolicus is very 
marked, the armature of the adambulacral plates also, but in a less degree ; furthermore, 
the larger size and smaller number of the actinal intermediate plates, as well as the shorter 
and comparatively broader rays, all seem to warrant its recognition as a distinct species, 
notwithstanding the fact that the characters referred to are all largely implicated in 
erowth changes. 


3. Nymphaster protentus, n. sp. (Pl. L. figs. 3 and 4; Pl. LIIL figs. 9 and 10). 


Rays fivee R=71mm.; r=18 mm. R<47. The minor radius is thus in the pro- 
portion of about 25 per cent. 

Rays elongate, tapering continuously from a fairly robust base to a slender-pointed 
extremity, the outer half being very narrow and attenuate. Width midway between the 
centre of the disk and the extremity, 55 mm.; width at the commencement of the outer 
fourth, 3 mm. Interbrachial arcs wide and well rounded. 
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The marginal plates are broad and massive; and the supero-marginal plates occupy 
the whole of the abactinal area of the ray, those of the opposite sides meeting in the 
median line. The abactinal or paxillar area of the disk is consequently a well-defined 
pentagon, which is further emphasised by a slight convexity in the central area, and a 
faint depression along the inner margin of the supero-marginal plates. The lateral and abac- 
tinal areas of the plates are at right angles to one another, with the junction subangular ; 
the lateral wall being vertical, the section of the ray is rectangular in outline. The supero- 
marginal plates are about thirty in number (29 to 31) from the median interradial line to 
the extremity. In the interbrachial are the height is a little greater than the length, but 
as they proceed along the ray the proportion of the height decreases, and along the outer 
half the length is the greater dimension. In the innermost plate adjacent to the median 
interradial line, the breadth is to the length in the ratio of 3 : 2, and the proportion in- 
creases up to the fifth plate, which is at the base of the ray, and is the first that unites 
with its corresponding plate from the opposite side of the ray in the median abactinal line. 
From this plate outward, the proportion of breadth gradually decreases, until near the 
extremity of the ray the length is slightly greater than the breadth. There is some slight 
irregularity in the length of the plates along the ray here and there, in consequence of 
which the plates of the two sides do not always correspond, nor the lateral sutures fall in 
one and the same line. The surface of the plates is covered with a uniform, minute, semi- 
globular, miliary granulation, rather widely spaced and without order upon the plate 
except at the margins where the series is lineal and regular. There are no spines and no 
pedicellarize of any kind upon the marginal plates. The odd terminal plate is very small 
and subcordiform, rounded and thickened in front and angular adorally; its breadth is in 
conformity with the general taper of the ray, to the extremity of which it forms the 
obtuse termination. 

The infero-marginal plates are not always regularly correspondent to the superior 
series, though they would appear normally to be so. The length is greater than the 
breadth, excepting in two or three of the innermost plates; the innermost three are also 
the broadest, and this is their greatest dimension; from the fourth plate outward the 
infero-marginal plates are contiguous to the adambulacral plates, and their length is 
greater than their breadth, the proportion increasing as they proceed along the ray. The 
junction between the lateral and actinal areas of the plate is more rounded than in the 
superior series. The infero-marginal plates are covered with a uniform miliary granula- 
tion rather larger than that on the supero-marginal plates, the granules having a tendency 
to become slightly papilliform; all are distinctly spaced and the marginal series are well 
defined. No spines or pedicellarize are present. 

The armature of the adambulacral plates consists of a furrow series of about seven rather 
short, but robust, equal spinelets, tapering to an obtuse extremity and transversely com- 


. 


pressed ; about the middle of the ray there may be nine or ten. Their base line on the 
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inner part of the ray is not greatly angulated, but near the base of the ray and outwards 
the margin of the adambulacral plate presents a sharply defined angular prominence into the 
furrow, and the spinelets which are arranged on this margin have the appearance of being 
divided into two divergent sets—one on the adoral facet and the other on the aboral, 
the spines on each being directed at right angles to the base line and nearly parallel to 
one another on the same facet. Frequently a single spinelet stands at the apex of the 
angle from which the two sets above mentioned appear to diverge. Near the middle of 
the ray the adoral facet is the shorter and does not bear more than three or four spinelets ; 
and towards the extremities of each series the spinelets are usually compressed in the 
direction of the margin of the plate to which they are attached, whilst the median spinelets 
remain compressed transversely as previously remarked. External to the furrow series is a 
series of short papilliform spinelets, slightly compressed and tapering to an obtuse extremity. 
Near the mouth-plates, where the adambulacral plates are short, there are only two of 
these outer spinelets, but the number gradually increases as the plates become longer, until 
six are present near the middle of the ray. The line is slightly angulated in correspond- 
ence to that of the furrow series, but to a less degree. The most adoral spinelet (papilla) 
of the series is the smallest, and the rest are fairly subequal, the median one at the apex 
being, however, sometimes faintly larger. These spinelets decrease in size as they pro- 
ceed outward from the mouth, until they become little more than granules, before attain- 
ing the middle of the ray. The outer part of the plate is occupied by two series of small 
conical granules scarcely larger than those on the actinal intermediate plates, about five 
in each, and there are often a few additional spinelets corresponding to the increased area 
caused when angularity occurs in the lines of spines. 

The actinal interradial areas are comparatively small, whilst the intermediate plates 
are large and few in number. Those adjacent to the adambulacral plates are normally 
rectangular, but some irregularity in shape frequently occurs throughout the area. All 
the plates are well defined and are covered with small subconical granules, which are well 
spaced and decrease a little in size as they approach the margin of the plate, where a 
marginal series is more or less regularly formed, the small granules of which it is com- 
posed having a tendency to become conical and pointed. There are no pedicellarize on 
the actinal intermediate plates. 

The mouth-plates, which are small and inconspicuous, have an armature of eight or 
nine spinelets on thé furrow margin similar to those on the adambulacral plates, and 
behind these a parallel series of three or four spinelets, pointed and more robust; the 
outer part of each plate is occupied by four or five short, conical, pointed papille, more or 
less irregular in disposition, but three of which usually form a line parallel to the median 
suture-line of the plates. Occasionally one or two additional spinelets of larger size are 
present on the median part of the plate. 


The plates of the abactinal area are all normally uniform in shape and character ; they 
(ZOOL. CHALL. EXP.—PART LI.—1888.) 39 
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are hexagonal and diminish in size as they approach the margin, and do not assume the 
form of paxille. A longitudinal series of plates rather larger than the rest proceeds along 
the median radial line, and the other plates are arranged in longitudinal series parallel to 
this. The primary embryonic plates are discernible. All the plates are covered with 
uniform, small, semiglobular, miliary granules distinctly spaced and without any order of 
arrangement excepting a definite marginal series. The granules on the centre of the 
larger plates are the faintest trace larger than the rest. All the plates have the appear- 
ance of being definitely spaced in consequence of the position of the marginal granules, 
though the distance of separation is very narrow. When the granules are removed the 
plates may be seen to be in contact with six adjacent plates by small extensions of the 
respective plates, and that single papulee occupy the interspaces. A number of the plates 
bear small pedicellariz, the jaws of which resemble those of the entrenched pedicellariz, 
but are smaller ; and they are placed over a simple perforation in the plate, without the 
slit-like trench for the disposal of the jaws. 

The anal aperture lies external to the dorso-central plate. 

The madreporiform body is rather large, prominent, button-like, and lies external to a 
pair of plates which appear to be the representatives of the basal plate. Its position on 
the disk is about one-third of the distance between the centre and the margin. The stria- 
tions are fine and numerous. A cycle of rather large plates surrounds the dorso-central 
plate and intervenes between this and the under-basals (°). 

Colour in alcohol, a very light brownish white. 

Locality.—Station 3. South-West of the Canary Islands. February 18,1873. Lat. 
25° 45’ 0” N., long. 20° 14’ 0” W. Depth 1525 fathoms. Hard ground. Bottom tempe- 
rature 37°°0 Fahr. ; surface temperature 63°°0 Fahr. 

Remarks.—A comparative review of the characters of Nymphaster protentus in rela- 
tion to those of its allies will be found embodied in the descriptions of NMymphaster 
albidus and Nymphaster basilicus. 

This species is readily distinguished from NV Viale symbolicus and Nymphaster 
bipunctus by the character of the abactinal radial plates, by the junction of the supero- 
marginal plates in the median abactinal line throughout the ray, and by the absence of 
entrenched pedicellarize on the marginal plates. 


4, Nymphaster albidus, n. sp. (Pl. LI. figs. 1 and 2; Pl. LIII. figs. 5 and 6). 


A single example of a Nymphaster was dredged near the Cape Verde Islands, which has 
a minor radius of 13 mm., and the longest remaining portion of the major radius measur- 
ing 48mm. I am in much doubt as to whether it is an immature stage of Nymphaster 
protentus or a distinct species. Owing to our total ignorance of the actual growth phases 
of Nymphaster protentus, the former view would be purely conjectural ; and as the differ- 
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ences from that type presented by the example under notice are considerable, and scarcely 
fall within the range of what might be expected in the young phases of the species referred 
to, I have considered it the safest course to regard the form in question as a distinct 
species, at least until other specimens are obtained which may throw light upon the 
relationship of these nearly allied forms. The following characters may be noticed in 
comparison with those of Nymphaster protentus as given in the foregoing description. 

In the armature of the adambulacral plates, the furrow series accord in their manner of 
disposition with those of Nymphaster protentus, but are not compressed ; the number on the 
plate is also rather less, five or six being present on those near the mouth, and eight or nine 
about the middle of the ray. The adambulacral plates are comparatively broader, espe- 
cially near the mouth, and there is no external series of spinelets as in Nymphaster protentus, 
their place being occupied by a row of granules similar in all respects to those which stand 
on the outer part of the plate. There are thus three longitudinal series of equal-sized 
granules behind the furrow series on the inner half of the ray (reduced to two near the 
middle), and there are usually five or six granules in each series. In harmony with these 
modifications in the appendages of the adambulacral plates, the armature of the mouth- 
plates is less echinulate than in the larger form Mymphaster protentus. 

Within the abactinal paxillar area, the plates of the median radial line, and the two 
parallel series on each side are oval or subcircular in outline instead of being hexagonal ; 
this shape at least being clearly defined by the marginal series of granules ; the latter are 
semiglobular and surround a central group of five or six granules on the middle of the 
tabulum. This small number forms a marked contrast to the closely crowded granulation 
of the plates in Nymphaster protentus; and, what is still more striking, the granules 
themselves are comparatively larger in Nymphaster albidus, which is the smaller 
form. 

The supero-marginal plates in the inner part of the interbrachial are are very tumid on 
the lateral wall of the disk, and extend beyond, and appear to overhang, the infero-marginal 
series. When the lateral wall of the disk is placed in the direct line of view, the line of 
suture which separates the superior and inferior series of marginal plates is seen to take a 
bold and well-defined curve, with the convexity downwards, in the inner part of the are, 
—the supero-marginal plates thus encroaching on the inferior series, the height of the 
former being considerably greater. This formation does not, however, affect the general 
thickness of the marginal wall taken as a whole. 

On the actinal area of the disk there is a considerable amount of inflation and the surface 
is convex ; there is also a slight depression of triangular form on the outer part of the 
actinal interradial area in the neighbourhood of the interradial line and bounded by the 
inner margin of the infero-marginal plates. Both the superior and the inferior series of 
marginal plates along the ray have their greatest dimension in the length, whilst in Nym- 
phaster protentus above described the supero-marginal plates are broader than long until 
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near the extremity of the ray. In Nymphaster albidus the rays appear to be com- 
paratively narrower at the base and consequently more slender, and they taper less 
eradually. 

Locality—Off the Cape Verde Islands. (Exact position and conditions not re- 
corded. ) 


5. Nymphaster basilicus, n. sp. (Pl. LVIL figs. 8 and 9). 


I have felt obliged to place a single example of Nymphaster dredged at Station 125 
as a distinct species. ‘The size of the specimen denotes a large robust form, but unfortu- 
nately in the present case each of the rays had suffered mutilation during life, and four of 
them are now represented only by dwarfed and imperfectly grown reproductions; it is 
consequently impossible to give accurately the measurement of the major radius or the 
number of the supero-marginal plates. The minor radius measures 28°5 mm. ; and judg- 
ing from a ray which has been mutilated, but not entirely removed, as in the case of the 
other four, the major radius was about 91 mm. or more, for the extremity even in this ray 
is not absolutely perfect. 

The plates of the abactinal paxillar area are regularly hexagonal, those of the radial 
regions are nearly uniform in size in the respective series, and diminish slightly as they 
proceed outward. All are definitely and uniformly spaced slightly apart, the isolated and 
regularly placed papule being visible. The plates of the interradial regions, on the other 
hand, are smaller and closely crowded ; and from the fact that they diminish in size as 
they approach the margin of the disk, the plates, which are arranged in longitudinal 
series parallel to the median radial series, also appear to fall into series obliquely trans- 
verse, passing from the median line to the margin of the disk, towards which they converge 
slightly in consequence of the decrease of size above mentioned. Nearly all the larger 
plates carry one of the small pedicellaria in a pit, always placed near the margin of the 
plate, and rarely two are present. The dorso-central plate and its surrounding circlet of 
plates, which intervene between it and the basals and under-basals, are large and distinct. 
The anal aperture lies external to the dorso-central plate, and the madreporiform body is 
independent of, and lies external to, its adjacent basal plate, which is rather smaller. 
There is a little depression in the triangular interradial regions which gives a slight appear- 
ance of convexity to the radial regions. 

In the armature of the adambulacral plates, the furrow series of spinelets accords with 
those already described in Nymphaster protentus, but there is no external series of spine- 
lets as in that form, the whole of the outer portion of the plate, which is large, being 
covered with numerous small semiglobular granules, uniform in all respects with those on 
the actinal intermediate plates. The granules usually fall into three or four subregular 
longitudinal lines, but some of these may be angulated, and there is often considerable 
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irregularity. On a moderate-sized plate there are about five granules in a line. Several 
of the adambulacral plates on each side of the furrow have a small pedicellaria with three 
or four valves, which are squamiform and very little longer than the height of the gran- 
ules. The pedicellaria is usually situated in the first line of granules behind the furrow 
series of spinelets, and lies between the adoral margin of the plate and the middle of the 
line. 

The actinal intermediate plates are square or subrhomboid, and are covered with rather 
large, uniform, semiglobular granules, definitely spaced ; a few of the plates in each area 
bear a small valvate pedicellaria, the jaws of which are but slightly higher than the 
granules, but are twice as broad. They are placed over a puncture in the plate, and are 
surrounded by a small circular scrobicule, devoid of granules. 

The armature of the mouth-plates is granuliform on the outer part of the mouth, and 
here scarcely distinguishable from those on the actinal intermediate plates, but the gran- 
ules increase in size as they approach the inner end of the plates, and as they assume the 
true spinelet form they also become subprismatic in shape. 

Locality.—Station 125. Off the western coast of Brazil, near the mouth of the Rio 
San Francisco. September 12, 1873. Lat. 10° 46’ 0”S., long. 36° 2’0” W. Depth 1200 
fathoms. Red mud. Surface temperature 77°°0 Fahr. 

Remarks.—Although I have felt some doubt as to the propriety of regarding this form 
as a distinct species, | do not see my way to rank it merely as a variety of Nymphaster 
grotentus. The much shorter ray, the smaller number of granules on the abactinal plates, 
the absence of any external spinelets in the armature of the adambulacral plates, and the 
substitution in their place of numerous granules, all seem contradictory to such a view. 
Indeed the characters enumerated are quite at variance with what one would expect to 
find in a merely larger development of the form described as Nymphaster protentus, espe- 
cially when regard is had to the relative characters of that species and Nymphaster albidus 
described in the preceding pages. 

Careful study of the three forms, Nymphaster protentus from Station 3, Nymphaster 
albidus from the Cape Verde Islands, and Nymphaster basilicus from Station 125, lead to 
the almost inevitable conclusion that if the small Nymphaster albidus should ultimately 
prove to be the young of Nymphaster protentus, the specimen under notice (Nymphaster 
basilicus) cannot be a merely larger-crown example of that form, as the characters it 
presents do not accord with the scheme of growth stages indicated by the other two forms ; 
and vice versd, if this large individual (Nymphaster basilicus) be considered as the adult 
form of the type Nymphaster protentus, the small specimen Nymphaster albidus, from the 
Cape Verde Islands, must be considered as an independent species. 

Under these circumstances the course that has seemed to me to be the least open to 
objection has been that of ranking the three forms, provisionally at least, as separate 
species. 
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Nymphaster basilicus is probably nearly related to the form described by Perrier under 
the name of Pentagonaster ternalis’ (which has subsequently been ranked by him as a 
Dorigona’). So far as I can judge from the brief and general description, but excellent 
ficure, of Peutagonaster ternalis, the form under notice appears to me to be specifically 
distinct. 


Genus Paragonaster, Sladen. 
Paragonaster, Sladen in Narr. Chall. Exp. 1885, vol. i. p. 617, 


Disk small and pentagonal. Rays elongate, narrow, slender, and though tapering, 
nearly uniform in breadth throughout. 

Supero-marginal plates separated from those of the opposite side of the ray by a single 
lineal series of regular quadrate plates. Marginal plates of both series and the medio- 
radial series of intermediate abactinal plates all uniformly granulated. The infero- 
marginal plates, at least on the inner part of the ray, may bear a transverse series of small, 
prominent, and more or less definite, spinelets. 

Abactinal area of the disk, which may be more or less inflated in the radial regions, 
covered with uniform, hexagonal, tabulated plates, more or less paxilliform. 

Adambulacral plates broad, and bearing on their margins at right angles to the furrow 
a number of small uniform spinelets, directed towards the adjacent plate, which form a 
continuous series with the spinelets on the furrow margin of the plate, the last mentioned 
spinelets being larger, flattened transversely, arranged in a semicircle, and radiating apart. 
Within this marginally disposed armature, whose base-line forms a parabolic curve, a 
transverse line of three or four isolated conical spinelets or papillae may traverse the 
breadth of the plate, or in a form where the plates are less broad, the spinelets or granules 
may be more grouped and irregular in disposition. One spinelet on the outer part of the 
plate may be longer and more prominent than the rest, but this character may not 
extend beyond the inner half of the ray. 

Remarks.—The species which I have included in this genus have a decided and well- 
marked facies, and may be at once distinguished from Nymphaster by the character of 
the adambulacral armature, as well as by their general form. 

The starfish described by Perrier® under the name of Pentagonaster elongatus appears 
to me from the description given to be nearly allied to this genus, and I have a strong 
suspicion that it will ultimately prove to be Paragonaster. 


1 Bull. Mus. Comp. Zovl., Harvard, 1881, vol. ix., No. 1, p. 20; Nouv. Archives Mus. Hist. Nat., 2e Série, 
1884, t. vi. p. 233, pl. x. fig. 1. 

2 Ann. Set. Nat. (Zool.), 1885, t. xix., Art. No. 8, p. 39. 

8 Ann. Sci, Nat. (Zool.), 1885, t. xix., Art. No. 8, p. 38. 
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Chorology of the Genus Paragonaster. 


a, Geographical distribution :— 


ATLANTIC: One species between the parallels of 0° and 10° N. 

Paragonaster cylindratus, near the Equator, due south of the Cape 
Verde Islands. 

If Pentagonaster elongatus, Perrier, ultimately proves to be a Para- 
gonaster, as I suspect, it will give two species to the Atlantic, and 
will extend the range of the genus northward to about the fortieth 
parallel, or perhaps a little further. 


EasTERN ARCHIPELAGO: One species between the parallels of 0° and 10° S. 
Paragonaster ctenipes, in the Banda Sea, between the Ki Islands 
and Banda Islands. 
B. Bathymetrical range: 140 to 1850 fathoms. 
As known at present, Paragonaster cylindratus is only found in the 
Littoral zone, whilst Paragonaster ctenipes is confined to the Abyssal zone. 
y- Nature of the Sea-bottom: Paragonaster ctenipes inhabits a ground of Blue mud; 
Paragonaster cylindratus one of Globigerina ooze. 


Chorological Synopsis of the Species. 


Ocean, Range in Fathoms. Nature of the Sea-bottom, 
Paragonaster etentpes . .| Eastern Archipelago. 140 Blue mud. 
Paragonaster cylindratus .| Atlantic. 1850 Globigerina ooze. 


1. Paragonaster ctenipes, n. sp. (Pl. LI. figs. 5 and 6 ; Pl. LIII. figs. 1 and 2). 


Rays five. R=48 mm.; r=12 mm. R=4 7. Breadth of the ray midway between 
the centre and the extremity, 4°5 mm. 

Rays elongate, slender, tapering towards the extremity, rather flat and thin, the trans- 
verse section having a vertically depressed oval outline. Interbrachial ares wide and 
faintly flattened. Rays very flexible in a vertical direction. 

The marginal plates are very broad, and limit the comparatively small and regularly 
pentagonal paxillar area of the disk, The supero-marginal plates are thirty-eight to forty 
in number from the median interradial line to the extremity. Those on one side of the 
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ray are separated from the corresponding series on the other side only by a single con- 
tinuous series of small rectangular plates which occupies the median abactinal line and 
extends to the extremity. The breadth of the supero-marginal plates is greater than the 
length throughout the whole ray, all being remarkably short. In the innermost plates the 
breadth is greater than twice the leneth—approximately in the proportion of 5: 2; the breadth 
increases up to the fourth plate, which is the largest and stands at the base of the ray ; 
outward from this plate the breadth gradually diminishes until at the extremity its pro- 
portion to the length is not greater than 3:2, and may be less. The length diminishes 
very slightly and gradually as the plates proceed along the ray, being near the middle of 
the ray very little less than at the interradial line; the twenty-eighth and twenty-ninth 
plates together measure the same length as the innermost plate. The surface of the plates 
presents no median tumidity, and it slopes gradually from the inner end until near the 
margin, where the curvature becomes more rapid, the outline in section being a depressed 
oval. The surface of the plates is covered with a minute uniform miliary granulation, 
rather widely spaced and disposed without definite order. Along the margins of the plate 
is a regular lineal series of uniform granules, rather larger than the rest, which have the 
appearance of being subprismatic and truncate, whilst the others are semiglobular. The 
plates are separated by a narrow but distinct furrow. 

The infero-marginal plates correspond exactly to the superior series, all beyond the 
third are contiguous with the adambulacral plates, and, excepting those in the disk proper, 
their breadth is much less than that of the superior series. Their surface is covered with 
minute papilliform granules whose posture upon the plate is somewhat oblique and directed 
outward, and with a decided tendency to become squamiform; they are tolerably well 
spaced and without definite order of arrangement, except at the margins, where a lineal 
series is regularly maintained and arches over the furrow between adjacent plates. On 
five or six plates on each side of the median interradial line there is a median series of four 
or five small, compressed, tapering, and sharply pointed spinelets, of equal size and at wide 
distances apart ; still so small that they are undiscernible to the naked eye. One or rarely 
two of these may occasionally be traced upon a plate even beyond the middle of the ray. 

The armature of the adambulacral plates is remarkable. Each plate has a prominent 
and more or less acute angle projecting into the furrow: on this margin are borne about 
seven spinelets, three on each facet and one at the apex; all are short, compressed, ex- 
panded at the tip, and roundly truncate. The central one, or occasionally two, is placed 
with the compression at right angles to the direction of the ray, whilst the others usually 
have their compression in the same plane as the line of the facet to which they are attached. 
These spinelets decrease a little in length as they recede from the apical one, and when 
expanded over the furrow radiate slightly apart ; the arrangement of these spinelets per se 
might well be described as palmo-radiate, but that character as normally understood is 
modified considerably by the manner in which the other spinelets upon the plate are placed. 
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This is as follows: On the lateral margins of the plates, 7.¢., at right angles to the furrow 
are a series of spinelets which have the appearance of being in direct continuation of the 
furrow series above described ; they are not compressed, however, but papilliform, and they 
decrease in size as they recede from the furrow. A few similar papilliform spinelets pro- 
ceed along the outer extremity and thus complete a series surrounding the whole margin 
of the plate. Those on the lateral margins are slightly inclined over the rather wide 
furrow that separates adjacent plates towards the corresponding series of spinelets on the 
next plate. The adambulacral plates being very broad on the inner part of the furrow 
there are about seventeen or eighteen spinelets on the lateral and furrow margins there ; 


the proportion of breadth decreases as the plates proceed along the ray and the number of 


spinelets is consequently less, being about thirteen or fourteen near the middle of the ray. 
The adambulacral plates on the inner part of the ray have a single lineal series of four or 
five small spinelets standing on the median line of their area, parallel to the lateral margins, 
and consequently obliquely transverse to the furrow. Further out additional spinelets 
occur on the outer part of the plate, and there is a tendency to form two converging series, 
the point of the wedge being towards the furrow. One of the spines near the outer end of 
the plate is longer than the rest, very delicate, tapering, and sharply pointed. This minute 
spinelet is continuous throughout the series, excepting the innermost three plates and at 
the extreme tip. 

The actinal interradial areas are very small and triangular in outline. They are 
occupied by a comparatively small number of rather small plates, the margins of which 
are beset with moderately elongate papilla, with one or more in the centre ; all the spinelets 
are of equal length, rather wide apart, and stand nearly vertical, which gives the plates 
a somewhat paxilliform character, though the armature would be more correctly described 
as forming a rather widely spaced group. 

The mouth-plates are small and elongate, with nine or ten spinelets on the free margin; 
the outermost three or four of this series are compressed and truncate, the rest cylindrical, 
tapering, and sharply pointed, and the innermost are the longest. A lineal series of about 
eleven small spinelets runs parallel to the median suture, the innermost nearly as long as 
the marginal series, whilst the outermost are merely papilliform granules. On the margin 
adjacent to the adambulacral plate is a series of five or six spines, which rapidly diminish 
in size as they proceed outward, and do not always extend as far as the median series above 
mentioned. At the widest part of the plate there is an intermediate series of about four 
spines midway between the outer series of spines and that adjacent to the median suture, 
and parallel to the latter. | 

The well-defined pentagonal area of the abactinal paxille is slightly inflated, especially 
in the radial regions, the character being there emphasised by a slightly depressed central 
area, from which shallow channel-like continuations extend along the interradial lines, but 
die out before reaching the margin. 

(ZOOL, CHALL. EXP.—PART LI.—1888.) 40 


314 THE VOYAGE OF H.M.S. CHALLENGER. 


Outward from the primary radial plate, the median radial line is occupied by a longi- 
tudinal series of hexagonal paxille, eight in number up to the base of the ray, the series 
being then continued along the ray in the form of rectangular plates, regularly square 
(excepting the first), against which the supero-marginal plates on each side of the ray 
abut. This series of plates measures about 1°5 mm. in breadth at the base of the ray, 
and 1 mm. midway between the centre of the disk and the extremity of the ray. Parallel 
to the median radial series of disk paxille are other longitudinal series of similar, but 
slightly smaller, hexagonal paxille, which diminish slightly in size as they approach the 
margin, their inner limit being the interradial line. The moderate-sized paxille are 
regularly hexagonal, with the margin beset with about twenty very short, subprismatic, 
truncate, papilliform spinelets, and having about seven to ten small uniform semiglobular 
granules rather widely spaced on the tabulum: the number varying a little according to 
the size of the plate. It should be noted, however, that the plates which occupy the 
depressed central area and its interradial extensions are more like plates than paxille, 
whilst those of the subinflated radial areas of the disk are distinctly paxilliform. The 
single series of small square plates which occupies the median abactinal line of the ray 
are covered with small semiglobular granules precisely similar to those on the supero- 
marginal plates, lineal marginal series being defined, especially on the lateral margins. 

The dorso-central plate is distinct and surrounded by a cycle of seven equal-sized 
plates ; this in turn is succeeded by a series of more numerous but less regular plates, 
amongst which the representatives of the under-basals must be sought. Some irregularity 
masks the easy recognition of the latter, but where they do appear regularly placed they 
are separated from the primary radial by a pair of plates. The basal plates appear to be 
smaller and less conspicuous than the primary radials and are nearly at the same distance 
from the centre. The madreporiform body is small and sunken, situated external to the 
adjacent basal. The anal aperture is external to the dorso-central plate. 

No pedicellarize of any kind are present. 

Colour in alcohol, ashy white on the marginal plates and on the depressed area of 
the disk ; whilst the inflated portion is of a very light brown shade, as are also the actinal 
interradial areas. 

Locality.—Station 192. In the Arafura Sea, between the Ki Islands and Banda Islands. 
September 26, 1874. Lat. 5° 49’ 15” S., long. 132° 14’ 15” E. Depth 140 fathoms. 
Blue mud. Surface temperature 82°:0 Fahr. 


2, Paragonaster cylindratus, n. sp. (Pl. LI. figs. 3 and 4; Pl. LIII. figs. 3 and 4). 


Rays five. R=51mm.; r=12'5 mm. R>4 7. Breadth of the ray midway between 
the centre and the extremity, 45 mm. 
Rays elongate, slender, narrow at the base, slightly tapering towards the extremity, 
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eylindrical, slightly oval in section, apparently rigid. Interbrachial arcs wide, with a 
flattened curve emphasising the pentagonal character of the disk. 

The marginal plates form a well-rounded lateral wall to the disk and rays. On the 
disk they do not extend far upon the abactinal area, being simply confined to the rounding 
of the lateral wall; throughout the whole length of the ray, however, the supero-marginal 
plates of one side are separated from those of the other only by a very narrow longi- 
tudinal series of small square plates which occupies the median radial line. The supero- 
marginal plates are thirty-eight in number from the interradial line to the extremity. 
Their apparent height as seen when the side of the ray is placed in full view is about 
equal to their length, except along the margin of the disk where the height is greater. 
Their breadth when seen from above is greater than their length throughout the ray, in 
the plates at the base being in the proportion of about 3 : 2, or even a little more; the 
relative proportions of the length diminishing towards the extremity. The surface of the 
plates presents no tumidity, and their curvature, when seen in section, is conformable to 
that of a sector of an oval cylinder. The surface of the plates is covered with a 
small, uniform, definitely-spaced, semiglobular, miliary granulation, disposed without 
any definite order upon the plate, excepting a regular lineal series of granules round 
the margin, which are of the same size as the rest, and whose presence marks out a narrow 
but well-defined channel separating the plates. The odd terminal plate is elongate and 
shield-shaped, the free portion being subcylindrical and slightly tapering, but obtuse at 
the extremity. Its posture in relation to the ray is at a slight angle to the horizontal, 
directed upward. 

The infero-marginal plates correspond in length and height to the superior series, but 
in breadth they extend further upon the actinal surface of the disk than the supero- 
marginal plates do on the abactinal area. From the fifth plate outward they are con- 
tiguous to the adambulacral plates and their breadth is very little greater than their 
length, whilst on the outer part of the ray the length becomes the greater dimension. 
They are covered with minute papilliform granules, which at the outer end of the plate 
are scarcely distinguishable from the granules of the supero-marginal plates, but increase 
slightly in length and stand at a small angle on the plate as they approach the opposite 
or inner end. Along the median line of the plates in the interbrachial arc are four or 
five very small, flattened, tapering, sharply-pointed spinelets, appressed to the plate and 
scarcely noticeable by the naked eye. At the inner extremity two usually stand near 
together, obliquely side by side; the others are isolated and wide apart on the median 
line of the plate. These little spinelets decrease in size and number along the ray, and 
it is not easy to discover traces of them far beyond the middle of the ray. 

The adambulacral plates have an angulated margin projecting into the furrow, which 
is rather obtuse and with a tendency to become semicircular. Their armature consists of 
a furrow series of five or six short, equal, cylindrical, papilliform spinelets, contracting a 
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little towards the bluntly pointed tip; three are usually placed on each facet of the 
angulated margin, and when directed over the furrow their radiation is more or less 
dominated by an apparent separation into two sets, to a certain extent divergent from one 
another. The furrow series has the appearance of being continued along the lateral 
margins of the adambulacral plates (7.e. at right angles to the furrow), in consequence of 
the presence of three or four short papilliform spinelets. These spinelets diminish in size 
as they recede from the furrow margin, and their number decreases as the breadth of the 
plates becomes less as they proceed along the ray. A lineal series of three or four small 
papuliform granules proceeds along the outer end of the plate, parallel to the furrow, and 
thus completes the surrounding of the outer margin. On the area of the plate are one or 
two small spinelets similar to the furrow series, but one is often slightly longer and more 
pointed, and is placed in such a manner between the first spinelets of the lateral series of 
each side of the plate as to appear to form with them a longitudinal series parallel to the 
furrow, and with the small marginal series on the outer end of the plate. On the plates 
close to the mouth-plates additional spinelets are present. 

The actinal interradial areas are small and triangular, with the base slightly curved. 
They are covered with small paxilliform plates which bear short papilliform spinelets, 
marginally placed, with one or more central, but owing to crowding and irregularity they 
often appear more or less like groups and are badly defined. 

The mouth-plates are elongate, suboval, and slightly convex or subtubercular on the 
actinal surface. They are rather closely covered with short papilliform spinelets, the 
number and arrangement of which it is difficult to formulate. There may, however, be 
distinguished (1) a series running parallel to the median suture; (2) a series on the 
opposite angulated margin,—part falling in the furrow, which is more or less crowded as 
it reaches the mouth, and part on the margin adjacent to the adambulacral plate; and 
(3) some intermediate spinelets usually confined to the inner and median part of the area. 
The spinelets are all short and vary very little in size, though they diminish slightly 
on the outer part of the plate: the mouth-plates consequently have a very echinulate 
appearance. 

The abactinal paxillar area is a well-defined pentagon, with slightly curved sides; and 
its general surface does not exhibit any special inflation. Outward from the primary 
radial plate the median radial line is occupied by a longitudinal series of hexagonal 
paxillee which diminish slightly in size and gradually assume a quadrate shape as they 
approach the base of the ray; from this point they are continued along the median line of ' 
the ray as an uninterrupted series of uniform, small, square plates, against which the 
supero-marginal plates on each side of the ray abut. The breadth of these plates at the 
base of the ray is slightly less than 1 mm. Parallel to the median radial series of disk 
paxillee are other longitudinal series of similar paxille, each series showing a slight diminu- 
tion in the size of the paxille as they recede from the median series. These lateral series 
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of paxillz are bounded at the one extremity by the marginal plates of the disk and at the 
other by the median interradial line, and the paxillz in each series diminish slightly in 
size as they approach the margin. In addition to their longitudinal arrangement the 
paxillze appear to fall into regular obliquely transverse lines proceeding from the median 
interradial line to the margin of the disk. From this circumstance, together with the fact 
that the larger paxille are in the neighbourhood of the primary radial plate, and that the 
rest diminish as they recede therefrom, the ornamentation of the disk has a very charac- 
teristic appearance. The larger paxillee are regularly hexagonal, with their margin beset 
with fifteen to eighteen very short, robust, subprismatic, truncate, papilliform granules, and 
with four to nine slightly larger but irregular-sized ones on the tabulum, usually definitely 
spaced but also more or less polygonal. On the smaller plates the number of granules 
is less, but they appear quite as large and robust as those on the larger paxille. The 
single series of small square plates which occupies the median abactinal line of the ray are 
covered with small semiglobular granules similar to those on the supero-marginal plates. 
The dorso-central plate is small and scarcely distinguishable from the numerous rather 
small plates which occupy the central area of the disk. In like manner it is not practi- 
cable to indicate definitely the representatives of the basals and under-basals. The madre- 
poriform body is small and almost hidden by the surrounding paxille; it lies external to 
its adjacent (basal?) plate, and its position is about midway between the centre of the 
disk and the margin. 

No pedicellariz of any kind are present. 

Colour in alcohol, a slightly Heeata ashy grey, with a darker dirty bluish grey shade 
over the paxillar area. 

Young Phase.—In a small specimen measuring R= 30 mm., 7=8°5 mm., the basal 
plates are clearly distinguishable and are the largest paxillee on the disk. Internal to the 
primary radial plate are a pair of plates,—a character which may also be noted, but less 
easily, in the larger example. 

Locality.—Station 106. Near the Equator, due south of the Cape Verde Islands. 
August 25, 1873. Lat. 1° 47’ 0” N., long. 24° 26’ 0” W. Depth 1850 fathoms. Globi- 
gerina ooze. Bottom temperature 36°°6 Fahr. ; surface temperature 78°:0 Fahr. 

Remarks.—The specimen which forms the subject of the above description is un- 
fortunately without any indication whatever of its locality. It was found in Sir Wyville 
Thomson's study after his death. The smaller specimen, which is precisely correspondent 
in every respect and unquestionably belongs to the same species, was dredged at Station 
106. 
In many respects this species differs so considerably from Paragonaster ctenipes that 
at first sight it would scarcely be thought to belong to the same genus. The character 
of the abactinal ornamentation has quite a different appearance; and the broad adam- 
bulacral plates of Paragonaster ctenipes present a feature special to that species. Care- 
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ful study, however, reveals the fact that both the species are formed on the same plan 


of structure, and I feel little hesitation in ranking them accordingly under one generic 
head. 


Genus Nectria, Gray. 


Nectria, Gray, Ann. and Mag. Nat. Hist., 1840, vol. vi. p. 287. 
Goniodiscus (pars), Miiller and Troschel, System der Asteriden, 1842, p. 60. 


I see no reason for removing this well-marked genus from the Pentagonasteride ; 
although M. Perrier* has taken that step in the list of species in his memoir on the 
Geographical Distribution of Starfishes. It is true that the form in many respects has an 
intermediate character between this family and the Linckiidee, but the balance of its 
structural details appears to me to be unquestionably Pentagonastrid ; and the further 
evidence borne by the young stages collected by the Challenger seems, in my opinion, to 
emphasise conclusively the justice of its retention in that group. 


Chorology of the Genus Nectria. 
a. Geographical distribution :— 


SouTHERN Ocean and Sours Pactric: One species (or perhaps two) between the 
parallels of 10° and 50°S. 
Nectria ocellifera in Bass Strait (Challenger) ; ‘‘ Mers australes ” 
(Péron and Lesueur). Nectria ocellata (?% specifically distinct) from 
Tasmania and Bass Strait. I have seen® an example of Nectria 
brought from the Fiji Islands, which I refer to the same species. 


B. Bathymetrical range: Littoral zone to 40 fathoms. 
y. Nature of the Sea-bottom: Sand and Shells (Nectria ocellifera ; Challenger). 


Chorological Synopsis of the Species. 


Ocean. Range in Fathoms, Nature of the Sea-bottom. 
Nectria ocellifera . j Southern 30 to 40 Sand and Shells. 
and 
(Nectria ocellata) . South Pacific. 


1 Nouv. Archives Mus. Hist. Nat., 1878, 2e Série, t. i. p. 79. 


2 T am indebted to Mr. Fred. Humble of Leeds for the opportunity of examining this specimen, which was 
found off the Island of Cicia, one of the windward group of Fiji Islands. 
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1. Nectria ocellifera (Lamarck), Gray (Pl. LY. figs. 1-7). 


Asterias ocellifera, Lamarck, 1816, Hist. nat. anim. s. vert., t. ii. p. 553. 

Nectria oculifera, Gray, 1840, Ann. and Mag. Nat. Hist., vol. vi. p. 287. 

Goniodiscus ocelliferus, Miiller and Troschel, 1842, System der Asteriden, p. 60. 

Chetaster munitus, Mobius, 1859, Neue Seesterne des Hamburger und Kieler Museums, p. 3, 
Taf. 1. figs. 1 and 2 (Abhandl. a. d. Gebiete Naturw. hrsg. v. d. naturwiss. Verein, Hamburg, 
Ba. iv. Abth. 2, 1860). 

Nectria ocellifera, Gray, 1866, Synop. Spec. Starf. Brit. Mus., p. 15. 

Locality.—Station 162. Off East Moncceur Island, Bass Strait. April 2,1874. Lat. 
39° 10’ 30” S., long. 146° 37’ 0” E. Depth 38 to 40 fathoms. Sand and shells. Surface 
temperature 63°°2 Fahr. 

Several examples of this starfish were collected at the above station, and are chiefly 
interesting on account of showing different stages of growth. Only one example is large 
and mature ; and this specimen agrees in the form of the ray and the character of the paxille 
with the description given by Perrier’ of his Nectria ocellata, whilst the adambulacral 
armature is that of Nectria ocellifera. Nectria ocellata is the form which Gray called 
Nectria ocellifera and referred to Lamarck’s species Asterias ocellifera ; Perrier, however, 
considers that Gray’s form is distinct from Lamarck’s. The small examples, on the other 
hand, have the short rays of Nectria ocellifera, but have the adambulacral armature of 
Nectria ocellata. Under these circumstances I have refrained from referring the adult 
specimen to Perrier’s Nectria ocellata, and I feel in doubt as to whether that species is 
really distinct from Nectria ocellifera, Lamarck, sp., or is only a growth-stage. 

The largest of the Challenger examples has elongate, conically cylindrical, tapering 
rays, the major radius being about three and a half times greater than the minor radius, 
R=64 mm, vr=18 mm. In the armature of the adambulacral plates there are two rows 
of elongate papilliform granules, the furrow series having two or occasionally three, and 
the outer row two granules. The large prominent paxillee of the abactinal surface taper 
slightly from the base to the tabulum and are not hour-glass-shaped ; the granules in the 
series that surrounds the margin of the tabulum are distinctly smaller than those on the 
centre of the tabulum, but they do not in any sense become modified into flattened scales 
as described by Perrier in Nectria ocellifera, Lamarck. The madreporiform body is dis- 
tinctly visible, and the paxillee in its neighbourhood are not very high. It will thus be seen 
that in the length of the ray and in the character of the paxille this example conforms to 
the description of Nectria ocellata, whilst in the character of the adambulacral armature it 
resembles that of Nectria ocellifera. 

I may mention that I have seen a specimen in the Berlin Museum which also seemed 
to combine the characters of the two forms. These circumstances are not without signifi- 
cance in connection with what follows on the features of the young stages of the form 
collected by the Challenger. 


 Révis. Stell. Mus., p. 188 (Archives de Zool. expér., 1876, t. v. p. 4). 
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Young Phases.—In a small specimen in which R=23 mm. (about), and r=10 mm., 
the rays are much shorter and flatter, broader at the base and comparatively less tapering ; 
the elevated character of the paxille is only just beginning to show itself, the prominence 
of the larger radial paxille being only slightly larger than the rest. The armature of 
the adambulacral plates is arranged in three recular and distinct rows, with three spinelets 
or granules in each; the furrow series being the longest and most spiniform, and the 
second series slightly oblique. The actinal surface is remarkable for the large size, 
distinctness, and regularity of the plates. This example is drawn on Pl. LV. figs. 3 and 4. 

In a slightly earlier stage the rays are still flatter and the abactinal plates cannot be 
said to be tabulate or paxilliform at all. At the base of the rays there is a slight pro- 
minence, which is emphasised by a depression in the median interradial line. Small 
incipient pedicellaria may occasionally be seen in the marginal series of a few of the large 
paxillee in this and the above-mentioned stage. This is particularly interesting as their 
presence in the adult is very doubtful and obscure, but traces may be detected here and 
there of their former existence, as shown in this stage. 

At a still earlier stage, when R=13 mm., r=6 mm., the prominence at the base of 
the rays above mentioned extends as a median carination throughout the ray, and cul- 
minates near the centre of the disk in a slight conical peak, in the centre of which the 
anal aperture is situated. 

In the smallest example, which measures R=10 mm., r= 5'5 mm., the flatness of the 
rays and the median ecarination are striking features. The abactinal plates are low, 
circular, and with moderately large papular interspaces; their granulation is uniform and 
rather widely spaced. The terminal plate is large and tubercular; and bears two stumpy, 
conical, spiniform papillae. The character of the whole abactinal area is essentially Penta- 
gonastrid, and bears no resemblance to the strikingly marked features of the adult 
Nectria. The marginal plates are broad and well-developed both on the abactinal and 
actinal areas. The armature of the adambulacral plates represents three series, the 
furrow series and that next behind having three spinelets or granules in each, whilst the 
outer series is often represented by only one. The obliquity of the median series is very 
considerable, the adoral spinelet of the series being often in the place of a spinelet of the 
outer series. In the furrow series there is a tendency for the adoral spinelet to be rather 
less than the others, and on the larger plates on the inner half of the ray the rudiment of 
a minute fourth spinelet may be present on the edge of the plate behind the adoral 
furrow spine. 

Remarks.—It will be seen from the foregoing that the adult example conforms in the 
length of the ray and in the shape and granulation of the paxille to the form described as 
Nectria ocellata, whilst in the character of the adambulacral armature it corresponds to 
that of Nectria ocellifera. On the other hand the small examples, whilst corresponding 
to Nectria ocellifera in the shortness of the ray, have the adambulacral armature similar 
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to that described in Nectria ocellata. This singular admixture of characters in the adult 
and in the young forms has made me hesitate before referring these examples to Nectria 
ocellata, and has, at least in my mind, thrown a doubt upon the validity of the separation 
of Nectria ocellata as a species distinct from Nectria ocellifera. As this can only be 
settled by the study of a larger series of both old and young forms than I have been able to 
consult, I have referred the examples under notice to the original species, Nectria ocellifera. 


Subfamily Gontopiscin.%, Sladen, 1888. 


Genus Stellaster, Gray. 
Stellaster, Gray, Ann. and Mag. Nat. Hist., 1840, vol. vi. p. 277. 


Goniaster (subgen. Stellaster), von Martens, Archiv f. Naturg., 1865, Jahrg. xxxi., Bd. i. p. 356. 
Pentagonaster (subgen. Stellaster), Perrier, Révis. Stell, Mus., p. 196 (Archives de Zool. expér., 1876, 
t. v. p. 12). 

I consider that this genus well merits independent recognition, and that in any case 
its structural characters do not justify its being regarded as a mere subdivision of the 
genus Pentagonaster, unless the limits of that genus are made much more extended than 
has ever yet been proposed by any classifier. To take such a step would be in my opinion 
to ignore altogether what should be recognised as the characters of a genus, and would 
almost necessitate a reversion to the old idea of a genus founded on single arbitrary 
characters rather than on the consideration of the affinities and differences of its mor- 
phological structure as a whole. 

Stellaster is in many respects structurally related to Goniodiscus, as limited by M. 
Perrier, and I have placed them in the same subfamily. 


Chorology of the Genus Stellaster. 
a. Geographical distribution :— 
Paciric : Two species between the parallels of 40° N. and 20° S. 


Stellaster equestris and Stellaster tuberculatus from China; the 
former also from Japan and Formosa, and extending to Australia. 


Eastern ARCHIPELAGO: Five species between the parallels of 20° N. and 20° S. 
Stellaster equestris (which extends northward to China and Japan), 
Stellaster granulosus, Stellaster squamulosus, and Stellaster incet, 
from Australia; the last named also from Amboina, New Guinea, and 
Sumatra. Stellaster incei was collected by the Challenger in Torres 
Strait and the Arafura Sea, and amongst the Philippine group. Stel- 
laster princeps from Torres Strait. 
8. Bathymetrical range: As at present known all the species are confined to the Lit- 


toral zone: the greatest recorded depth is Stellaster squamulosus, 60 fathoms. 
(ZOOL. CHALL. EXP.—PART LI.—1888.) 41 
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y. Nature of the Sea-bottom: Stellaster incei was collected by the Challenger on Coral 
mud, Green mud, and Blue mud, all in shallow depths (from 6 to 28 fathoms), 
thus showing a considerable variation in habitat. A large series of specimens 
of Stellaster imcei in the British Museum, dredged by the “Alert,” are from 
depths varying from 4 to 36 fathoms, the nature of the bottom being recorded 
as sand and mud. Stellaster princeps was collected on Coral mud. The 
nature of the bottom is unknown to me in the case of the other species of this 
genus. 


Chorological Synopsis of the Species. 


Ocean, Range in Fathoms. Nature of the Sea-bottom. 


Stellaster equestris { Pacific and Eastern 


Archipelago. 
Stellaster granulosus . . | Eastern Archipelago, a5 sia see 
Stellaster incet . : . | Eastern Archipelago, 4 to 36 Ce Green and pene 
Stellaster princeps . . | Eastern Archipelago. 6 Coral mud. 
Stellaster squamulosus . | Eastern Archipelago. 60 bc 
Stellaster tuberculosus . | Pacific. 


1. Stellaster ince, Gray. 


Stellaster incei, Gray, 1847, Proc. Zool. Soc. Lond., Part xv. p. 76. 

Stellaster belcheri, Gray, 1847, Proc. Zool. Soc. Lond., Part xv., p. 76. 

Stellaster gracilis, Mobius, 1859, Neue Seesterne des Hamburger und Kieler Museums, p. 12, Taf. iv. 
figs. 3 and 4 (Abhandl. a. d. Gebiete Naturw. hrsg. v. d. naturwiss. Verein, Hamburg, Bd. iv. 
Abth. 2, 1860). 


Localities—Station 186. In Torres Strait, off Cape York. September 8, 1874. 
Lat. 10° 30’ 0” S., long. 142° 18’ 0” E. Depth 8 fathoms. Coral mud. Surface tem- 
perature 77°°2 Fahr. 

Station 187. Booby Island, Torres Strait. September 9, 1874. Lat. 10° 36’ 0” &., 
long. 141° 55’ 0” E. Depth 6 fathoms. Coral mud. Surface temperature 77°°7 Fahr. 

Station 188. In the Arafura Sea, near the entrance to Torres Strait. September 10, 
1874. Lat. 9° 59’ 0”S., long. 139° 420” E. Depth 28 fathoms. Green mud. Surface 
temperature 78°'5 Fahr. 

Station 208. Off the east point of Panay Island, Philippine group. January 17, 
1875. Lat. 11° 37’ 0” N., long. 123° 31’ 0” E. Depth 18 fathoms. Blue mud. Sur- 
face temperature 81°:0 Fahr. 

A fine series of specimens of a species of Stellaster was obtained by the Challenger from 
several localities in the Eastern Archipelago. The large specimens from Booby Island are 
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unquestionably characteristic examples of the form named Stellaster incet by Gray ; whilst 
smaller examples from the same locality would, if studied independently, be referred with 
little hesitation to his Stellaster belcheri. The specimens from the other localities are 
small, and have all the characters of young Stellaster belcheri. 

The number of tubercle-bearing plates varies considerably, and their position is by no 
means constant. Some examples of Stellaster incei have the disk much more convex and 
elevated than others; the tumidity is consequently not a reliable character. I am unable 
to point out any real specific difference between Stellaster incer and Stellaster belcheri, 
and I am constrained to believe that they are growth stages of the same form. I have 
acted on this impression in my determination of the Challenger material, and I have pre- 
served the name of the adult form. If my assumption is correct, the name Stellaster 
belcheri should be ranked as a synonym. 

The young form (Stellaster belcher’) has been ably described and figured by Liitken ;} 
and I would only remark that the apertures of the papulze pores in the young of this form 
are guarded by a rim of squamules or granules as noted by Liitken, who states that they 
are “omgivne af en lille Kornkreds hver.” This structure has been regarded by Studer’ 
as a special characteristic of his Stellaster squamulosus, which also appears to me to be an 
immature form. 


2. Stellaster princeps, n. sp. (PI. LVIII. figs. 1-2). 


Rays five R=137mm,7r= 40mm. R<3'5r. Breadth of a ray near the base, 
between the third and fourth marginal plates, 30 mm. 

Rays comparatively elongate, broad at the base, and tapering gradually throughout up 
to the extremity. Disk large. Interbrachial ares widely rounded. Abactinal area regu- 
larly convex over the disk. Actinal area subplane. 

The abactinal area is covered with polygonal plates which on the radial regions of the 
disk and the inner half of the rays are more or less incised for the papular groups, and thus 
assume a strikingly stellate form. About seven longitudinal series of plates may be counted 
at the base of the ray, about three midway along the ray, but at the tip only the median 
series is represented and its continuity is broken by the union of the marginal plates. 
The plates in the interradial areas are very large, especially a group of four external to the 
primary basal plate. All the plates are covered with a fine granulation imbedded in a 
continuous membrane. The third or fourth radial plate, counting from the centre of the 
disk, bears a short, robust, conical, sharply pointed tubercle, which is more or less spiniform. 
Five or six plates further outward, near the base of the ray, is a similar but slightly 
smaller tubercle, or there may be as many as three to five at irregular distances apart. 


1 Videnskab. Medd. naturh. Foren. i Kj¢benhavn, 1871, p. 247, pl. v. fig. 3. 
2 Anhang z. d. Abhandl. d. k. preuss. Akad. d. Wiss. Berlin, vom Jahre 1884, p. 33, Taf. iv. figs. 6a—-6e. 
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The radial plates internal to the large tubercle generally bear a small tubercle; and no 
other plates in the median radial series are thus armed. Many of the plates in the two 
longitudinal series on each side of the median radial series bear similar and more or less 
conical tubercles. These tubercles form more or less definite lines, which gradually con- 
verge towards the centre and mark out a lanceolate figure in each radial area. 

The supero-marginal plates, which are twenty-two in number, counting from the 
median interradial line to the extremity, form a broad well-defined border. Each plate is 
distinctly and prominently tumid, and all are covered with the same uniform granulation 
and skin as that already described on the abactinal plates. Three or four of the supero- 
marginal plates on each side of the median interradial line bear a single small and more or 
less conical tubercle on the convexity between the abactinal and lateral areas ; and these 
tubercles are much more conspicuous and relatively larger in small examples. The terminal 
plate is small, rounded, subovate, and widest posteriorly. 

The infero-marginal plates correspond to the superior series and are similarly tumid, but 
to a less degree. They are covered with a similar granulation and membrane. Each plate, 
except those near the end of the ray, bears three large, robust, slightly flattened lateral 
spines, which are disposed in an oblique line passing from the upper margin to the aboral 
margin. The upper or outermost spine is the largest, and measures 8 or 9 mm. ; the second 
is rather smaller; and the third or innermost is not more than one half the size of the 
largest, and may be less. All are robust at the base and taper to the extremity ; the two 
largest are usually obtuse at the tip, and the innermost is pointed. The direction of these 
spines is upward and outward, and they have an appressed posture, as much as the tumidity 
of the plate will allow. At the end of the ray only two lateral spines are present, and 
these are small. There are also only two spines on the first two plates in the inter- 
brachial are. - 

The adambulacral plates are small and their armature consists of :—(1.) A furrow series of 
seven or eight short lamelliform spinelets, bluntly rounded at the tip ; these spinelets stand 
more or less palisade-like, and their greatest surface is at right angles to the furrow. (2.) 
On the actinal surface of the plate are two large, equal-sized, flattened, and somewhat 
gouge-shaped or elongately spatuliform spinelets, which stand side by side, and occupy the 
whole breadth of the plate, forming a line parallel to the furrow series. The largest 
measure nearly 4 mm. in length. On the outer part of the ray (about the last third) only 
one actinal spine is present. Between the furrow series and the actinal spines at the adoral 
edge of the plate is a small two-valved pedicellaria. The outer part of the plate external 
to the actinal spines is covered with a small uniform eranulation imbedded in membrane 
similar to, and continuous with, that which covers the actinal intermediate plates, and in 
fact all the surface of this species. 

The mouth-plates are small, slightly prominent actinally, forming a low arched keel, 
and their surface is covered with a granulation similar to that above described. Their 
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armature consists of a marginal series of about eight short, lamelliform spinelets, similar to, 
but larger than, those on the adambulacral plates, which increase in size as they proceed 
inward. On the actinal surface of each mouth-plate, near the inner end, is one spine- 
let, exactly similar in size and shape to the corresponding spinelets on the adambulacral 
plates. 

The actinal interradial areas are large and occupied by intermediate plates which are com- 
paratively large in size and few in number. All are slightly tumid and covered. with the 
uniform granulation and membrane already referred to. Each of the plates in the series 
next the adambulacral plates bears a number of small, two-lipped, valvate pedicellarie, 
similar to those in Anthenea, but uniform in height with the granulation; from three to 
seven are present on a plate and show no definite order of arrangement. A few of the 
other intermediate plates bear occasionally a similar but isolated pedicellaria, Not more 
than three series of intermediate plates, and perhaps a few supplementary ones, are 
present. 

The madreporiform body, which is large and elongately oval, is situated external to 
the basal plate. It is bounded laterally and outwardly by two large plates; and its outer 
end is rather nearer the centre than midway between that point and the margin. Its 
surface is marked with very fine striations, which radiate with more than usual regularity 
from the centre to the margin. 

The ambulacral tube-feet are large and have very large flat sucker-disks. 

The primary apical plates are easily distinguishable on the disk :—The dorso-central, 
the under-basals, and the basals, the last mentioned being especially conspicuous. When 
the madreporiform body is placed in the right anterior interradium the anal aperture is on 
the right posterior side of the dorso-central plate. 

Small, isolated, pincer-formed pedicellaris, with two rather coarse jaws, are present 
here and there on the abactinal plates, and occasionally on the infero-marginal plates in the 
interbrachial ares near the lateral spines. 

Colour in alcohol, a bleached yellowish white. 

Young Phase.—The smallest example collected by the Challenger which measures 
R= 85 mm., r = 25 mm., has only two lateral spines on each infero-marginal plate, and 
the longest of these measures about 7 mm. ‘This specimen has twenty supero-marginal 
plates, and in all other essential respects corresponds to the description given above, 

Locality.—Station 187. Booby Island, Torres Strait. September 9, 1874. Liat. 
10° 36’ 0” 8, long. 141° 55’ 0” KE. Depth 6 fathoms. Coral mud. Surface temperature 
77°°7 Fahr. 

Remarks.—This species is readily distinguished from all other species of Stellaster by 
the three large lateral spines, by the tumid marginal plates, by the character of the 
armature of the adambulacral plates, as well as that of the actinal intermediate plates. 
The character of the abactinal plates points to its close affinity with Gonvodiscus. 
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Genus Leptogonaster, Sladen. 


Leptogonaster, Sladen in Narr. Chall. Exp., 1885, vol. i. p. 616. 


Disk large, thin, pentagonal, capable of slight inflation. Rays moderately elongate, 
flat, broad at the base, tapering gradually to the extremity, and producing a widely 
rounded interbrachial arc. The whole abactinal area covered with a uniform granulation 
imbedded in membrane. 

Marginal plates forming a well-defined border to the disk and rays, presenting a 
bevelled angular margin in the interbrachial arc, but a vertical wall on the outer half of 
the ray. The supero-marginal plates bear no spines. The infero-marginal plates bear on 
the bevelled angular margin in the interbrachial are a longitudinal series of four or five 
short conical spinelets, which do not extend beyond the disk; along the ray, the infero- 
marginal plates bear a small tubercle or aborted spinelet, which becomes more definitely 
developed towards the extremity. 

Abactinal area of the disk, which may be more or less inflated in the radial regions, 
covered with flat polygonal plates, overlaid with a uniform granulation imbedded in 
membrane. Papule numerous. Small, elongate, two-jawed pedicellariz present here 
and there. 

Adambulacral plates large and long: armature consisting of :—(1.) On the furrow 
margin a series of five to seven short, delicate spinelets, partially united by a membranous 
web and arranged in a semicircular comb. (2.) On the actinal surface, a single long pedi- 
cellaria at the adoral extremity ; and two short conical spinelets standing side by side. 

Actinal interradial areas covered with thin hexagonal intermediate plates, usually 
granulous, overlaid with a continuous layer of membrane. The plates adjacent to the 
adambulacral plates each bear a small valvate pedicellaria, resembling a subpapilliform 
tubercle. Small indistinct granules are present on the plates. Occasionally an incon- 
spicuous pedicellaria is present on the plates in the inner series of intermediate plates. 

Madreporiform body large and situated rather nearer the centre of the disk than mid- 
way on the interradial line. 

Anal aperture subcentral. 

Ambulacral tube-feet with a well-developed sucker disk. 

Remarks.—I have been in considerable doubt as to the retention of this genus after 
the publication of M. Perrier’s' memoir on the starfishes collected by the “Blake” 
Expedition. The figure given by him of Anthenoides piercei,? which is an indistinct 
photo-lithograph, led me to think that the present starfish and the West Indian one 
dredged by the ‘‘ Blake” were congeneric forms; but it is expressly stated by Perrier in 


Nouv. Archives Mus. Hist. Nat., 1884, 2e Série, t. vi. pp. 127-276. 
* Op. cit., pl. viii. fig. 1. 
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the diagnosis of the new genus Anthenoides, that the abactinal skeleton is reticulated,’ and 
other alliances to Anthenew are remarked on;—Anthenoides, according to its author, 
differing in the more feeble development of the abactinal membrane and the smaller size of 
the pedicellarize, which are confined to the plates adjacent to the ambulacral furrows. The 
present form certainly does not conform to Anthenoides in these respects. Furthermore, 
on some important points Perrier is silent, which I hardly think would have been the case 
if the structures had been present in his form, whilst in others the description is not 
sufficiently definite or specifically pertinent to allow a comparison to be made. 

Relying, therefore, on Perrier’s accuracy of observation, I cannot consider that the form 
under notice and Anthenoides belong to one and the same genus. The polygonal plates 
of the abactinal skeleton of Leptogonaster can in no way be called reticulate, the valvate, 
tubercle-like pedicellariz of the actinal area can scarcely be said to resemble those of 
Anthenea in their character, and the two forms of pedicellariz on the abactinal area are 
also noteworthy. The alliances of Leptogonaster would on the whole seem to be nearer 
the Pentagonasteride. 


Chorology of the Genus Leptogonaster. 


a. Geographical distribution :-— 


Eastern ARCHIPELAGO: One species between the parallels of 10° and 20°N. 
Leptogonaster cristatus, off the Philippine Islands, 


8. Bathymetrical range: 100 to 115 fathoms. 
y. Nature of the Sea-bottom: Green mud, 


Chorological Synopsis of the Species. 


Ocean. Range in Fathoms. | Nature of the Sea-bottom. 


Leptogonaster cristatus  , ‘ . | Eastern Archipelago 100 to 115 Green mud. 


1. Leptogonaster cristatus, n.sp. (Pl. LIV. figs. 1-7). 


Rays five R=66mm.,r=24mm. R=27571. Breadth of a ray between the 
fifth and sixth supero-marginal plates, 11°5 mm. 
General form flat and depressed. Disk large and pentagonal, slightly inflated. Rays 


1 Loc. cit., p. 246. 
2 In the description of the species, however, Perrier (Joc. cit., p. 248) speaks of “les ossicules du squelette 
qui sont polygonaux comme chez les Pentagonaster,” so that I am at a loss to understand what is meant by the 


diagnosis. 
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well produced, flat, tapering to a narrow extremity. Interbrachial ares very wide and 
round. Lateral wall or margin angular in the interbrachial are and at the base of 
the rays, but becoming vertical on the outer part of the ray, the section of the ray 
being there quadrangular in consequence. 

The marginal plates are well developed and form a conspicuous border to the 
abactinal surface. The supero-marginal plates are twenty-four in number from the 
median interradial line to the extremity. In the interbrachial are the surface of the 
plates is only slightly curved, thus forming the bevelled slope above noticed, and the 
supero-marginal plates do not there attain the extreme margin in consequence of the 
extension of the infero-marginal plates, which are visible when the starfish is viewed from 
above, sometimes extending a distance nearly equal to one-third of the breadth of the 
supero-marginal plates,—the amount seen varying according to the posture of the rays 
and the relative inflation of the disk. On the outer part of the ray, however, the abacti- 
nal and lateral areas of the supero-marginal plate are at right angles to one another, with the 
junction abrupt and subangular. The length of the supero-marginal plates is slightly 
greater than the breadth throughout the ray, excepting perhaps the innermost two or 
three in which the dimensions are subequal or with the breadth very slightly in excess. 
The height of the supero-marginal plates, where they enter vertically into the lateral wall, 
is rather more than half the length. The surface of the plates is covered with a mode- 
rately thick membranous tissue, which is continuous over the whole abactinal area of the 
disk and rays, and is beset with small, uniform, rather widely spaced granules. No spines 
of any kind are borne on the supero-marginal plates, but towards the extremity of the 
ray there is a tendency towards the formation of a low tubercular elevation on the angular 
rounding of the plate near its aboral end. Frequently on the plates that border the disk 
there is one, or sometimes two or three, small pedicellariz, having a pair of comparatively 
elongate pincer-formed jaws, placed in a small circular cavity. 

The infero-marginal plates correspond in number and length to the superior series, 
and are like them covered with membranous tissue and a similar small granulation. The 
breadth of the innermost four plates on each side of the median interradial line is rather 
greater than the length, but beyond this the length is the greater dimension throughout 
the ray. The bevelled angular edge of the infero-marginal plates which forms the extreme 
margin of the disk, bears a subregular horizontal series of four or five very short, conical 
pointed spinelets, sometimes with one or two additional above the line and sometimes 
with a little irregularity. These marginal dog-tooth-like spines do not extend beyond 
the area of the disk. Along the ray the infero-marginal plates, have a small, poorly 
developed tubercule on the rounding between the actinal and lateral areas and close 
to the aboral end of the plate, which becomes more definitely developed towards the 
extremity of the ray; and is much more distinct throughout than the low incipient 
tubercule noticed on the outermost supero-marginal plates. 
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The adambulacral plates are large and long, and their armature consists of a furrow 
series of five to seven short, delicate, slightly tapering spinelets, which decrease slightly 
in length towards each end of the series, radiate slightly apart, are covered with thin 
membrane and united with a delicate web for some distance above the base; they have 
the appearance of an elegant semicircular comb. At the adoral extremity of each series, 
very slightly behind and on the actinal surface of the plate, is a single long pedicellaria, 
often longer than the nearest spinelet, and with the two jaws narrow and very slightly 
modified in shape from that of the spinelets. This pedicellaria, which is very constant in 
its position and conspicuous, is directed usually at an angle toward the mouth. On the 
actinal surface of the plates on the inner half of the furrow are usually two short conical 
spinelets, standing side by side, but sometimes only one is present ; these are thick at the 
base and sharply pointed, and though much more robust are not longer than the furrow 
series. On the outer half of the ray only one spinelet is present, and its relative length is 
distinctly greater than those on the inner half of the ray. 

The mouth-plates are large and the united pair are somewhat spade-shaped anteriorly. 
The plates are curved coulter-shaped, and they rise towards the median line of juncture 
to form an elongately oval keel or eminence, the suture being more or less imperfectly 
closed. Their armature consists of a furrow series of eleven marginal spines on each 
plate, the outermost eight being equal and of about the same size and character as the 
furrow series of spines on the adambulacral plates proper; the inner three spines are 
larger and increase in size as they approach the mouth, they are also subprismatic or 
quadrangular in section, stand side by side, and are directed towards the actinostome at an 
angle of about 45° to the plane of the actinal surface generally. On the actinal surface 
of the plate, behind the eight small marginal spinelets in parallel line between this series 
and the margin and opposite the innermost of the small marginal spines, or about the 
middle of the series, may be placed a pedicellaria similar to that on the free adambulacral 
plates, but this is not always present. The mouth-plates, like the whole of the actinal and 
abactinal surfaces, are covered with thin membrane and beset with a few small widely 
spaced granules. 

The actinal interradial areas, which are large and extensive, are almost equilaterally 
triangular in outline, excepting the interbrachial curve. They are paved with numerous 
regularly arranged, thin, hexagonal plates, the whole being overlaid with a continuous 
layer of thin membrane through which the sutures of the plates are barely visible. The 
largest plates are near the mouth, the rest decrease as they recede therefrom, and the 
smallest are those on each side of the median interradial line at the margin. The plates in 
the series next to the adambulacral plates are thirteen or fourteen in number, and diminish 
in size as they proceed outward ; the other plates of the area are arranged in lines parallel 
to the last named and consequently parallel to the furrow. The plates adjacent to the 
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from its form might easily at first sight be mistaken for a teat-like or subpapilliform 
tubercule. They are covered with skin, and usually stand near the middle of the plate, 
and exhibit no definite posture as regards the orientation of the median cleft. Occasionally 
two are present on a plate. There are also on the plate small indistinct widely spaced 
granules, whilst on the two innermost plates there are several larger granules, nearly as 
large as the pedicellari. On the other plates, 7.e., in the inner part of the interradial area, 
there is occasionally a small pedicellaria of similar form to those just described, but much 
less conspicuous, and they bear similar small widely spaced granules which are larger on 
the plates on the inner part of the area than those near the margin. 

The abactinal area of the disk and rays within the boundary of the supero-marginal 
plates is covered with small, thin, hexagonal plates, the whole being overlaid with a 
continuous layer of membrane and beset with numerous, coarse, rather well-spaced 
granules. It is only possible to distinguish here and there the sutures of the plates 
through the membrane, although the general indication of the plates is to a certain extent 
given by the presence of small papule which have passage at the angles of the plates, and 
thus mark out their form more or less clearly. When, however, the starfish is held up to 
a strong, concentrated light, the hexagonal form of the plates and their pavement-like 
character is well seen. A regular series extends along the median interradial line, and the 
rest are arranged parallel to this. The median series does not reach quite to the tip, but 
terminates at a short distance before this is reached, the two or three terminal supero- 
marginal plates touching (meeting) the corresponding plates from the opposite side. The 
other series do not extend so far as the median series, and die out one after the other in 
conformity with the taper of the ray. In the radial areas of the disk there is on each 
side of the median series a series of smaller plates, which extend but a very short distance 
beyond the base of the ray, where they die out gradually. The plates of the series 
external to this short series of small plates are as large as those of the median series, and 
are contingent with them along the ray after the disappearance of the small intermediate 
series. our or five series of plates, inclusive of the small series, may be counted on each 
side of the median series at the base of the ray. The plates on each side of the median 
interradial line are comparatively large in relation to their neighbours and are not separated 
by papulz. At irrecular and wide intervals upon the disk are small, rather elongate, 
pincer-formed pedicellaris with two narrow delicate jaws, sessile over the orifice of a 
foramen in the plate. There are also a few much smaller valvate pedicellarize formed by 
the slight modification of two juxtaposed granules. No pincer-formed pedicellarie are 
present on the large plates in the median interradial area. 

The anal aperture is subcentral. 

The madreporiform body, which is large, circular, and flat superficially, is situated rather 
nearer the centre of the disk than midway on the interradial line. The striations, which 
are very fine and numerous, have the appearance of radiating from the centre to the 
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periphery in straight lines of great regularity, the bending of the furrows being sharp and 
angular. 

The ambulacral furrows are slightly lanceolate in form, contracting as they approach 
the actinostome, and again very gradually at the base of the ray as they proceed outward. 
The tube-feet have a well-developed sucker disk. 

The terminal plate is squarely shield-shaped (pentagonal), its proximal extremity 
angular, its sides subparallel and straight, and the distal extremity straight and truncate, 
bearing two short robust conical spines directed horizontally in the direction of the pro- 
longation of the ray. The breadth of the terminal plate is abruptly less than the breadth 
of the ray at its attachment, which gives it the appearance of a superadded aftergrowth. 

Colour in alcohol, a bleached yellowish or ashy white. 

Locality.—Station 204. Off Tablas Island, Philippine group. November 2, 1874. 
Lat. 12° 43’ 0” N., long. 122° 90” E. Depth 100 to 115 fathoms. Green mud. Sur- 
face temperature 84°°0 Fahr. 


Subfamily Mimastrerin®, Sladen, 1888. 


This subfamily includes only the single genus Mimaster, the morphological relations 
of which are interesting as well as important. If the mind be allowed to indulge in 
speculative deductions, the structure of Mimaster would appear to indicate a phylogenetic 
line of descent which passes from the Archasteride to the Pentagonasteride, and has 
branches to the Astropectinidee and Solasteride, the lines of the series being indicated by 
such forms as Leptoptychaster, Mimaster, Gnathaster, and Solaster. In our ignorance 
of the developmental history of Mimaster, it is, however, premature to endeavour to 
construct its genealogical tree with any pretension to accuracy; and any such scheme as 
that above suggested can only claim to be regarded as an exercise of the imagination. 

To confine our remarks to matters of fact, the mouth-plates, the actinal intermediate 
plates, and the general form of Mimaster indicate an alliance with the Pentagonasteride ; 
whilst the more or less strongly marked representatives of the superambulacral plates, 
the fan or oar-shaped lower end of the ambulacral plates, and the structure of the 
abactinal plates, with their paxilliform developments, point to an affinity with the 
Astropectinide, Leptoptychaster being the connecting form so far as the actinal inter- 
mediate plates are concerned. 


Genus Afimaster, Sladen. 
Mimaster, Sladen, Proc. Roy. Soc. Edin., 1882, vol. xi. p. 702; Trans. Roy. Soc. Edin., vol. xxx., part il., p. 579. 


Marginal contour stellato-pentagonal. Abactinal area subject to inflation. Actinal 
area more or less convex. Abactinal floor composed entirely of independent paxille, 
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without subjacent calcareous reticulated skeleton. Paxillze small and compact. Numerous 
papulee in the interspaces. 

Marginal plates arranged in superior and inferior series, small, and covered with very 
numerous spinelets similar to those of the paxille. 

Actinal interradial areas extensive, and occupied by imbricating intermediate plates, 
arranged in isolated transverse columns, running from the adambulacral plates to the 
marginal plates: the whole area covered with a uniform epidermal layer of membrane. 
Each intermediate plate bears a single well-developed naked paxilla. 

Adambulacral plates broader than long. Adambulacral armature consisting of numer- 
ous delicate tapering spines, irregular in disposition, forming a group which occupies the 
surface of the plate, the size of the spines increasing towards the furrow margin of the 
plate. 

Mouth-plates forming a pointed mouth-angle, superficies prominent, covered with 
spines similar in form and character to the adambulacral spines, but larger. 

Ambulacral tube-feet with a well-developed terminal disk or button, devoid of spicules. 

Madreporiform body either concealed by paxillz, or large and exposed. 

No pedicellarize of any kind are present. 

Remarks.—\ have placed this genus—to a certain extent, provisionally—under the 
family Pentagonasteridx ; for although a number of its characters indicate a position 
near to such forms as Ginathaster, I consider that much might be said against its being 
ranked in this family at all, and much might be advanced in favour of its being classed 
with the Astropectinidse,—its resemblance in many points of structure to such forms as 
Leptoptychaster being very remarkable. As I do not feel at present in a position to 
clear up the doubt satisfactorily, | have placed the genus apart, though in what seems to 
me its most natural place, until a more definite opinion can be arrived at. 


Chorology of the Genus Mimaster. 
a. Geographical distribution :— 
ATLANTIC: One species between the parallels of 55° and 65° N. 
Mimaster tizardi, in the Faerée Channel. 
Pactric: One species between the parallels of 40° and 60° S. 


Mimaster cognatus, off the western coast of the southern point of 
America. 


B. Bathymetrical range: 245 to 1325 fathoms. 
Greatest range of one species: Mimaster cognatus, 245 to 1325 fathoms. 


y. Nature of the Sea-bottom: Mimaster tizardi is found on mud; DMmaster 
cognatus on Blue mud. 
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Chorological Synopsis of the Species. 


Ocean. | Range in Fathoms. Nature of the Sea-bottom. 
Mimaster tizardt : : Atlantic. 516 to 555 Mud. 
Mimaster cognatus  . ; Pacific. 245 to 1325 Blue mud. 


1. Mimaster tizardi, Sladen. 

Mimaster Tizardi, Sladen, 1882, Proc. Roy. Soc. Edin., vol. xi. p. 702; Trans, Roy. Soc. Edin., vol. 
xxx., part ii, p. 580, pl. xxxiv. 

Rays five. R=120 mm.; r=94 mm. R=22 r. The minor radius is thus in the 
proportion of 45 per cent. Breadth of a ray at the base, 58 mm. 

General form large and robust. Marginal contour stellato-pentagonal. Rays short 
and triangular, tapering continuously from the base to the extremity, the breadth at the 
base of a ray greater than the minor radius of the disk, the interbrachial are being 
subacute. 

The abactinal surface is high and inflated over the disk, very gibbous at the base of 
the rays, but flattening towards the extremities. A deep furrow is formed along the 
median interradial line in consequence of the gibbosity, but disappears before reaching the 
centre of the disk. The-actinal surface is more or less convex, but to a comparatively 
slight degree, although the feature is probably largely emphasized by the upward turning 
of the extremities of the rays in consequence of their posture at the time of death. 
Consequent on the curvature of the actinal and abactinal surfaces, the margins are very 
thin and of small dimensions, and are occupied entirely by the double series of small 
marginal plates. The thickness or perpendicular height of the two series of marginal 
plates together is only 4 mm. 

The abactinal surface is covered with a great number of small uniform paxillie, closely 
and equidistantly placed, and with a well-defined space between each, which present no 
definite order of arrangement, excepting in the immediate neighbourhood of the arm- 
angle, where a certain amount of obliquely transverse lineal disposition may be observed. 
The whole of the calcareous portion of the abactinal skeleton is composed entirely of 
paxillee, as in the"Astropectinide. The paxil consist of a cylindrical pedicle, about twice 
as high as broad, expanding slightly at the base, and with the distal extremity rounded 
and clavate, and surmounted by a crown of fifteen to twenty spinelets, which radiate apart 
very slightly and produce a compact form of paxille. The spinelets are short, delicate, 
and slightly taper, about equal in length to the pedicle, and sometimes less, probably 
owing to a certain extent to abrasion. The base of the paxille is quite small and thin 
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at the margin, where a faint tendency to develop rudiments of two or three very 
short radiating processes may be noticed. No caleareous union or connection exists 
between individual paxille. Numerous small papulze occur in the interspaces, three to 
five being present in the quadrangle formed by four neighbouring paxille. Their mem- 
brane is very delicate, and they taper somewhat rapidly towards the tip, which is thickened 
into a small knob. Owing to the manner in which the papule taper, a comparatively 
swollen appearance is given to their lower part. 

The marginal plates, which are small and subtubercular in appearance, are arranged in 
superior and inferior series, thirty-seven to thirty-eight plates being present in each 
between the median interradial line and the extremity of the ray. Each plate is rounded 
or boss-like externally, and covered with a great number of small spinelets similar to 
those of the paxille, which gives them a prominent cushion-like appearance. The infero- 
marginal plates are the largest, transversely suboval in form—the length increasing 
towards the summit of the interbrachial are—and bear not less than a hundred spinelets. 
The supero-marginal plates are smaller, usually round, and are placed rather more 
aborally than the companion plate of the lower series, the pairs standing consequently 
slightly oblique. ; 

The actinal interradial areas are well developed, and the intermediate plates extend 
up to the very extremity of the ray. The plates, which are oblong, are arranged in 
regular transverse and slightly oblique lines between the adambulacral plates and the 
marginal plates. Hach series or column thus formed is isolated, being separated from the 
neighbouring column by a narrow space; and each plate in a column overlaps or imbri- 
cates upon the next innermost plate. The number of the columns corresponds exactly to 
that of the adambulacral plates, and is not in relation with that of the marginal plates. 
The whole actinal area is overlaid by a uniform layer of membrane, by which the shape 
of the individual intermediate plates is hidden from superficial observation. Each inter- 
mediate plate bears a single paxilla near its free extremity, which is rather more robust 
than those on the abactinal surface, and carries rather fewer spinelets, which are somewhat 
longer and more widely expanded. The paxille, like those on the abactinal area, are 
naked and not invested with membrane. In consequence of the size and arrangement of 
the intermediate plates, the actinal paxille are more widely spaced than the abactinal 
ones, and are disposed in regular lines which run from the adambulacral plates to the margin, 
the lines or columns being marked off by straight furrows or wrinkles in the membrane. 
As the paxille ave equidistantly spaced in each of these transverse rows, equally regular 
and uniform longitudinal lines are also traceable along the ray. In the interbrachial arc 
nine or ten paxille stand in each transverse series, the same number being maintained 
until about the outer fifth of the furrow. 

The adambulacral plates are broader than long, and appear to stand on the furrow 
margin as the terminal plates of the transverse series of actinal intermediate plates ; 
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about seventy-five adambulacral plates may be counted along the furrow. Their arma- 
ture consists of delicate tapering spines, irregular in number and disposition, forming a 
compact group, which occupies the whole surface of the plate, transversely elongate in form 
in relation to the direction of the ray, and resembles a compressed and enlarged paxilla. 
There are fifteen to twenty spinelets in each group. Two of the spinelets (sometimes 
three) larger than the rest, slightly flattened, and tapering to a point, stand at the margin 
of the furrow, their relative position being generally slightly oblique. The succeeding 
spinelets are less robust, and pass in gradation to the group of outermost spinelets, which 
are about equal in size to the paxille of the actinal intermediate plates. The five or six 
innermost adambulacral plates have much larger spinelets than the others. 

The united mouth-plates form a sharp angle inwardly, and a large elongately ovoid, 
subtubercular swelling is developed on their superficies,—the whole surface being covered 
with spinelets arranged in somewhat similar series to the spinelets of the adambulacral 
armature, standing perpendicular, seven to eight along each side of the mouth-angle. The 
aboral portion of each plate is occupied by a compressed paxilliform group similar to those 
of the adambulacral plates. 

The madreporiform body is obscure and concealed by paxille. 

The ambulacral tube-feet, which are arranged in pairs, are robust and large, with a well- 
developed fleshy disk, devoid of spicules. 

No traces of any form of pedicellarize are present. 

Colour in aleohol, a dirty yellowish ashy grey, or with a light brownish shade. 

Localities—“‘ Knight Errant ” Expedition : 

Station 4. In the Faerée Channel. August 10,1880. Lat. 59° 33’ 0” N., long. 7° 
14/0” W. Depth 555 fathoms, Mud. Bottom temperature 45°-4 Fahr. ; surface tem- 
perature 57°°0 Fahr. 

“Triton ” Expedition : 

Station 10. In the Faerée Channel. August 24,1882. Lat. 59° 40’ 0” N., long. 
7° 21'0” W. Depth 516 fathoms. Bottom temperature 46°°0 Fahr. 

Station 11. In the Faerde Channel. August 28,1882. Lat. 59° 29’ 0” N., long. 
7°13’ 0” W. Depth 555 fathoms. Bottom temperature 45°°5 Fahr. 

Remarks.—The arrangement and appearance of the paxillee, and the numerous papulz 
interspersed, recall in a striking manner the habit of Solaster. On dissection, however, 
it is found that this’ appearance is deceptive and not real, and that the true structural 
resemblance lies in a very different and unexpected direction. In Solaster endeca, the 
form which at first sight is most nearly suggested by the dorsal covering of this species, 
the abactinal portion of the skeleton consists of a rather closely reticulated calcareous 
framework, built up of small imbricating plates, upon certain of which the paxillee are 
borne. The skeleton of Mimaster, on the other hand, is constructed quite differently, 
the whole abactinal floor being composed of paxille alone, each of the paxillze consisting 
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of a pedicle with a slightly expanded base and a rounded clavate extremity, on which the 
spinelets that form the crown are articulated. The expansion of the base of the paxillz 
is very slight, subcircular, or irregular in outline, and usually exhibiting two or three 
faint prolongations. The bases of the paxillee are closely placed, and occasionally a trace 
of overlapping may be found here and there. This structure is identical with that met 
with in the Astropectinids, and has hitherto been looked upon as specially characteristic 
of that group. 

The adambulacral plates, their armature, and the mouth-plates have strictly the 
characters of the Pentagonasteride. The marginal plates are likewise suggestive of 
the same group, and, notwithstanding their inequality and insignificant development, 
approach the habit of such forms as Gnathaster paxillosus, Gray, sp., from which also 
the general outline of the body of Mimaster tizardi is not far removed. 

The actinal intermediate plates recall in their character the intermediate plates of 
the Asterinidee, whilst their arrangement also approaches in a certain degree that of some 
of the Pentagonasteride. 


2. Mimaster cognatus, n. sp. (Pl. XLVI. figs. 3 and 4; Pl. LXII. figs. 4 and 5). 


Rays five. R=63-65 mm.; r=21°5 mm. R=3 r. Breadth of a ray near the 
base, between the third and fourth infero-marginal plates, 20 mm. | 

General form stellato-pentagonal. Rays moderately produced, broad at the base and 
tapering gradually to the extremity, which is slightly upturned. Abactinal area more or 
less inflated, causing a puffy appearance over the disk and an irregular subcylindrical form 
to the rays. Actinal area subplane, but with a tendency to become convex along the ray. 
Interbrachial ares wide and subacute. 

The abactinal area is covered with a great number of small paxille, which show an 
obliquely transverse arrangement at the sides of the ray, especially distinct near the base, 
but are irregular in their disposition in the central region of the disk, along the median 
line of the ray, and at the extremity. The regularly disposed paxille are larger than the 
others, and all gradually diminish in size as they approach the extremity of the ray, where 
they become almost microscopic. The paxillze consist of a delicate pedicle, which expands 
considerably at the distal extremity, and is surmounted by a crown of numerous delicate 
spinelets, which radiate more or less, and produce a tufted form of paxilla. The papule 
are comparatively large. 

The marginal plates are small and confined to the lateral and actinal surfaces. The 
supero-marginal series are inconspicuous and scarcely distinguishable from the paxille of 
the abactinal area; in fact, they are unnoticeable when the starfish is viewed from above. 
The infero-marginal plates, which are about thirty-six in number, counting from the median 
interradial line to the extremity, are comparatively large and well developed, forming a 
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definite border to the actinal area, to which they are in reality confined. Their 
breadth is greater than their length, and they present a prominent narrow keel, which 
is closely crowded with small spinelets similar to those on the paxille. There are 
thus deep channels between adjacent plates. 

The adambulacral plates are small and rather widely spaced. Their armature consists 
of a more or less compact wedge-shaped group of small, cylindrical, more or less tapering, 
subequal spinelets. Three to five stand on the furrow margin and form a very acute 
angle, one spinelet being at the apex ; one or two similar and equal-sized spines are placed 
on the actinal surface of the plate within the area enclosed by the marginal series; 
and behind these, on the outer part of the actinal surface of the plate, may be two or 
three smaller and irregularly placed spinelets. 

The mouth-plates, which are comparatively large and elongate, are slightly prominent 
actinally, with a low convexity. Their whole surface is covered with short spinelets 
moderately spaced, which increase in length as they approach the inner end of the 
plates. From seven to ten spinelets stand in the marginal series, the innermost 
similar to, but slightly larger than, the furrow spinelets on the adambulacral plates ; 
the other spinelets on the mouth-plates are irregular in number and position, and 
the whole structure has a very echinulate appearance. 

The actinal interradial areas are well developed, and are occupied by thin imbricating 
plates, which form isolated columns arranged in regular transverse and slightly oblique 
lines between the adambulacral plates and the marginal plates. All are overlaid with 
a uniform continuous membrane, through which the plates are not individually distin- 
guishable, or can only be traced here and there. The intermediate plates extend far 
along the ray, but do not reach the tip; the numbers in the transverse columns 
diminishing gradually as they proceed outward. From seven to nine plates may be 
counted in the series adjacent to the median interradial line. Each intermediate 
plate bears on an elevation on its actinal surface a paxilliform group of spinelets, 
which are larger and coarser than those on the abactinal paxille. The plates adjacent 
to the adambulacral plates have a distinctly elongate eminence and paxilla. 

In some examples these actinal paxille are much coarser and more compact than 
in others, and the central spinelets of the crown have a tendency to be more robust 
and prominent. Usually the spinelets are radiating and comparatively delicate. 

, The madreporiform body, which is large and conspicuous, is situated rather nearer 
the margin than midway on the interradial line. Its surface is slightly convex and 
often wrinkled or broken up, as if originally formed by the union of several plates. 
The striation furrows are very fine and radiate centrifugally, very little convolution 
being noticeable. 

The ambulacral tube-feet are large, with a moderately developed, rounded, button-like 
knob at the extremity. 
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No pedicellariz of any kind are present. 

Colour in alcohol, a yellowish or ashy grey, with a tendency to a dirty ight brown 
shade. : 

Localities. —Station 303. Off the western coast of South America, off the Chonos 
Archipelago. December 30, 1875. Lat. 45° 31’ 0” S., long. 78° 9’ 0” W. Depth 
1325 fathoms. Blue mud. Bottom temperature 36°°0 Fahr.; surface temperature 
54°°8 Fahr. 

Station 311. Off the entrance to Smyth Channel. January 11, 1876. Lat. 
52° 45’ 30” S., long. 73° 46’ 0” W. Depth 245 fathoms. Blue mud. Bottom 
temperature 46°'0 Fahr. ; surface temperature 50°°0 Fahr. 

Remarks.—This species bears a very close resemblance to Mimaster tizardi of the 
North Atlantic, but is readily distinguished by a number of points. The rays are more 
elongate and distinctly narrower at the base, and are fuller and more swollen abactinally, 
which gives them a distinctly subcylindrical appearance. The paxille are of a more 
radiating and stellate character, instead of compact, as in Mimaster tizardi; and the 
difference in size between the regularly and irregularly disposed paxille, noticed in 
Mimaster cognatus, is not discernible in the Atlantic form. The great diminution in 
the size of the supero-marginal plates and the increase in that of the infero-marginal 
plates, and their consequent general character and posture, constitute a remarkable 
difference in Mimaster cognatus. The armature of the adambulacral plates is simpler, 
and the actinal interradial areas are less extensive. The madreporiform body is large and 
exposed in Mimaster cognatus, whilst it is completely hidden in Mimaster tizardi. 

A very interesting feature may here be noticed. In the abactinal skeleton of 
Mimaster cognatus the plates at the sides of the ray (¢.e., the bases of the paxille) 
are cruciform, with four prolongations, nearly at right angles; whilst those of the inter- 
mediate median space of the ray are stellate, usually with five points. In Mimaster 
tizardi, on the other hand, all are stellate or substellate, and those in the median area of 
the rays are less definitely stellate than the lateral ones, the difference being well marked. 


Family ANTHENEID &, Perrier, 1884. 


I have followed M. Perrier in recognising this small group of forms as an independent 
family. Although the Antheneide stand clearly apart, the characters upon which their 
claim to family rank is based are, perhaps, somewhat artificial, or in other words, are less 
well defined than is the case in the allied families. Notwithstanding this cireumstance, 
it seems to me a better course to regard them as a distinct family than either to place 
them as a sub-family of Pentagonasteridze, or to separate the genera and apportion them 
to the families to which they have the closest superficial resemblance. 
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This family comprises the genera Anthenea, Goniaster (as now limited), and Hippas- 
teria. It would be superfluous to draw up a synoptic table for these well-marked 
forms. 


Genus Anthenea, Gray. 


Anthenea, Gray, Ann. and Mag. Nat. Hist., 1840, vol. vi. p. 279. 

Hosta (pars), Gray, Ann. and Mag. Nat. Hist., 1840, vol. vi. p. 279. 

Goniodiscus (pars), Miller and Troschel, System der Asteriden, 1842, -p. 57. 
Goniaster (pars), v. Martens, Archiv f. Naturg., 1865, Jahrg. xxxi, Bd. i. p. 254. 


This genus maintains a very uniform facies, and shows only a relatively small amount 
of structural elasticity. Its area of distribution is also a comparatively limited one, as will 
be seen by the subjoined analysis :— 


Chorology of the Genus Anthenea. 
a. Geographical distribution :— 


Inpran Ocean: Two species between the parallels of 20° N. and 10° 8. 
Anthenea articulata, from the Seychelle Islands (this species is 
mentioned by Perrier as extending to China). Anthenea acuta, from 
Madras (British Museum), and extending to South Australia. 


Pactric: Two (or three) species between the parallels of 30° N. and 40° S. 
Anthenea pentagonula, from Hong-Kong. Anthenea articulata, 
is mentioned as coming from China. Anthenea acuta, from Port 
Jackson. 


EASTERN ARCHIPELAGO: One species between the parallels of 0° and 20° 8. 
Anthenea tuberculosa, from Port Essington (Australia) and Torres 
Strait. 


8. Bathymetrical range: All the species appear to be confined to shallow water. The 
Challenger examples of Anthenea acuta and Anthenea tuberculosa were taken 
in depths of 6 to 15 fathoms. 


y. Nature of the Sea-bottom: Not recorded, except in the case of Anthenea tuber- 
culosa, which was taken on Coral mud. 


The locality of Anthenea flavescens is unknown; and that species has consequently 
not been included in the foregoing list. Anthenea grayi, which is separated by Perrier 
as a distinct species, looks to me very like a growth stage of Anthenea flavescens, and 
its locality is also unknown. 

The starfish described by Gray under the name of Hosia spinulosa appears to me to 
belong to this genus, and is probably an immature form. 
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Chorological Synopsis of the Species. 


Ocean. Range in Fathoms. | Nature of the Sea-bottom, 
Anthenea acuta . : ; Indian and Pacific. 6 to 15 
Anthenea articulata . . | Indian and Pacific (?). aes 
Anthenea flavescens q 
Anthenea gray? . : : t 
Anthenea pentagonula , Pacific. ote 50 
Anthenea tuberculosa . . | Eastern Archipelago. 6 Coral mud. 


1. Anthenea acuta, Perrier. 


Goniodiscus acutus, Perrier, 1869, Ann. Sci. Nat., 5e Sér., t. xii. p. 280. 
Anthenea acuta, Perrier, 1876, Révis. Stell. Mus., p. 275 (Archives de Zool. expér., t. v. p. 91). 


Locality.—Port Jackson. Depth 6 to 15 fathoms. 


2. Anthenea tuberculosa, Gray. 


Anthenea tuberculosa, Gray, 1847, Proc. Zool. Soc. Lond., Part xv., p. 77; Ann. and Mag. Nat. Hist., 
vol. x. p. 198; Synop. Spec. Starf. Brit. Mus., 1866, p. 9, pl. iv. fig. 1. 

Locality.—Station 187. Booby Island, Torres Strait. September 9, 1874. Lat. 
10° 36’ 0” S., long. 141° 55’ 0” E.. Depth 6 fathoms. Coral mud. Surface temperature 
77°°7 Fahr. 

Remarks.—A single fine example was dredged off Booby Island, which I refer to this 
species. The rays are rather longer and narrower than in Gray’s figure ; and the supero- 
marginal plates are not furnished with the isolated tubercles on the upper end of the 
plates shown in that example. They bear large granules, and in this respect resemble 
an example from Port Essington preserved in the British Museum, which has been 
referred by Perrier to Gray’s species. In the Port Essington example the supero- 
marginal plates are not so high and broad as in Gray’s figured specimen. In the 
character of its supero-marginal plates the example from Booby Island appears to occupy 
an intermediate position. The lateral series of abactinal plates on the outer part of the 


ray which intervene between the median radial series and the supero-marginal plates bear 
a small group of granules. 


2a. Anthenea tuberculosa, Gray (2), juv. (Pl. LVI. figs. 5-8.) 


Locality.—Torres Strait. Exact position and conditions not recorded. 
Remarks.—I have placed provisionally a single small example of Anthenea taken in 
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Torres Strait as belonging to this species. The major radius measures 13 mm., and the 
form is far too small to permit of a definite expression of opinion as to the species. The 
example is figured on Plate LVI. to show the strikingly Pentagonastrid character of its 
abactinal plating at this stage of growth. 


Genus Hippasteria, Gray. 


Hippasteria, Gray, Ann. and Mag. Nat. Hist., vol. vi. p. 279. 
Goniaster (pars), Agassiz, Mém. Soc. Sci. Nat. Neuchatel, 1835, t. i. p. 191. 
Astrogonium (pars), Miller and Troschel, System der Asteriden, 1842, p. 52. 

This well-marked genus is represented by only a single species. Several authors have 
sought to establish distinct species on the basis of what appeared to be well-marked forms, 
but up to the present time none of these have stood the test when compared with a good 
series of examples. The genus as at present known is confined to the northern area of 
the Atlantic. 


Chorology of the Genus Hippasteria. 


a, Geographical distribution -— 


ATLantic: One species between the parallels of 40° and 80° (?) N. 
Hippasteria plana,—on the eastern side : off the British Islands, 
Bohusliin, Finmark, Lofoten, and off the Murman coast (fide Daniels- 
sén and Koren). On the western side: off Cape Cod, Nova Scotia, 
and northward (Verrill). 
8. Bathymetrical range: 30 to 150 fathoms. 


y. Nature of the Sea-bottom: Only stated in a few instances ; those recorded are Clay, 
Gravel, and Stones. 


Chorological Synopsis of the Species. 


| | Ocean. Range in Fathoms. Nature of the Sea-bottom. 


Hippasteria plana : A | Atlantic. 30 to 150. Clay, gravel, stones. 


1. Hippasteria plana (Linck), Gray. 


Pentaceros planus, Linck, 1733, De Stellis marinis, p. 21, tab. xii. No. 21; tab. xxxiii, No, 53. 

Asterias equestris (pars), Linné, 1766, Systema Nature, ed. xii., p. 1100. 

Asterias phrygiana, Parelius, 1768, K. Norske Vidensk. Selskabs Skrifter, vol. iv. p. 425, tab. xiv. 
figs. 1 and 2. 1 
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Asterias Johnstoni, Gray, in Johnston, 1836, Loudon’s Mag. Nat. Hist., vol. ix. p. 146, fig, 21. 

Hippasteria plana, Gray, 1840, Ann. and Mag. Nat. Hist., vol. vi. p. 279; Synop. Spec. Starf. Brit. 
Mus., 1866, p. 9. 

Hippasteria Europea, Gray, ibid. 

Hippasteria Johnstoni, Gray, ibid. 

Hippasteria cornuta, Gray, ibid. 

Goniaster equestris, Forbes, 1841, Hist. Brit. Starf., p. 125. 

Astrogonium phrygianum, Miller and Troschel, 1842, System der Asteriden, p. 52. 

Goniaster abbensis, Forbes, 1843, Ann. and Mag. Nat. Hist., vol. xi. p. 280, pl. vii. 

Astrogonium aculeatum, Barrett, 1857, Ann. and Mag. Nat. Hist., ser. 2, vol. xx. p. 47, pl. iv. figs. 
4a, b. 

Goniaster phrygianus, Norman, 1865, Ann, and Mag. Nat. Hist., ser. 3, vol. xv. p. 123. 

Hippasteria phrygiana, Verrill, 1885, Rep. Comiss. Fish and Fisheries for 1883, p. 542, pl. xvil. 
fig. 47, 


Localities. —Challenger Expedition : 

Station 49. Off the coast of the United States, south of Halifax, Nova Scotia. May 
20, 1873. Lat. 43° 3’ 0” N., long. 63° 39’ 0” W. Depth 85 fathoms. Gravel, stones. 
Bottom temperature 35°:0 Fahr. ; surface temperature 40°°5 Fahr. 

“ Porcupine” Expedition : 

Localities not recorded. Stated to be not found below the 100 fathom line.’ 

“Triton ” Expedition : 

Station 3. In the Faerde Channel. August 8, 1882. Lat. 60° 39’ 30” N., long. 9° 
6’ 0” W. Depth 87 fathoms. Bottom temperature 49°°5 Fahr. 

Remarks.—The specimens from Station 49, of which there are a large number, 
appear to have the ray rather longer and narrower than in the examples from the 
eastern side of the Atlantic; and all of them are of comparatively small size. 


Family Pentacrerotip& (Gray), Perrier, emend. 1884. 


The family Pentacerotide, established by Gray in 1840, included thirty-two of the 
forty-four genera of Asteroidea recognised by him. It embraced, in addition to the forms 
mentioned below, representatives of the families Pentagonasteride, Antheneide, Gym- 
nasterlide, Echinasteridee, Linckiidze, Asterinide, and Asteriide. 

In M. Perrier’s classification of 1876, this unwieldy and unnatural group was split 
up and the name Pentacerotidzee was dropped. In the new classification proposed by 
Perrier in 1884 the name was revived for a small section, the recognition of which as a 
family appears to me to be perfectly valid and natural. 

The genera now included in the family Pentacerotids are enumerated in the follow- 
ing table :-— 


1 Depths of the Sea, p. 119. 


4 
* 
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Synopsis of the Genera included in the Family PEnracerorip&. 


A. Marginal plates conspicuous, defining the ambitus. Abactinal plates in 
. more or less regular longitudinal series, superficially distinct. < 

a. Abactinal plates regular, with more or less definite intermediate 
papular areas. No intercalated series of plates between the 
supero-marginal and infero-marginal plates. Prominent mammil- 

lated tubercles or spines may be present, 
a. With large localised mammillated tubercles or spines. Rays 

carinated. Supero-marginal plates small. Form stellate . A « Pentaceros. 
b. With large spines only. 

a, Supero-marginal plates large. Marginal plates recular 
and correspondent. Form pentagonal. Rays;flat, 


not carinated. Few spines. Large papular areas : . Nidorellia, 
- 8. Marginal plates irregular and not correspondent, 

Form stellate. Many spines. Single pores or 

very small papular areas . . c ‘ . . . Amphiaster. 


b. Abactinal plates irregular, large and small intermixed, not forming 
definite intermediate papular areas. An intercalated series 
of plates present between the supero-marginal and infero- 
marginal plates. No prominent mammillated tubercles or 
spines. : 5 : 2 : 2 . ° 5 . Pentaceropsis. 

Bb. Marginal plates hidden or inconspicuous and not visibly defining the am- 
bitus. Abactinal plates not in superficially discernible longitudinal 
series, 

a, Form pentagonal. Plates usually with more or less numerous large 
tubercular granules. 

a. With large papular areas. No large marginal plates at the end 
of the ray : ° 


: : ; : 9 : . . Culcita. 
b, With papul distributed : not in definite areas. With a pair of 


large marginal plates at the end of the ray . : : A ; . Asterodiscus. 
b. Form stellate. Plates devoid of large granules. 
a. Plates devoid of spines: covered with skin . ; : : , . Choriaster. 
b. Plates bearing large robust spines , 5 5 ; : : « Paulia. 


Genus Pentaceros, Linck. 


Pentaceros, Linck, De Stellis marinis, 1733, p. 21. 

Pentaceros, Schiilze, Betrachtung der versteinerten Seesterne und ihrer Theile, Warschau u, Dresden, 
1760, p. 50. 

Goniaster (pars), Agassiz, Mém. Soc. Sci. Nat. Neuchatel, 1835, t. i. p. 191. 

Pentaceros, Gray, Ann. and Mag. Nat. Hist., 1840, vol. vi. p. 276. 

Oreaster, Miiller and Troschel, System der Asteriden, 1842, p. 44, 


I entirely concur with Professor Perrier in the justice of maintaining Linck’s name 
of Pentaceros for this genus, in preference to Miiller and Troschel’s name of Oreaster, 
proposed in 1842, on the ground that Linck’s name had been applied by Cuvier and 
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Valenciennes to a genus of fishes. Those who relinquish the claim of Linck’s name of 
Pentaceros for this genus of starfishes on account of 1733 being a pre-Linnean date, and 
on the supposition that the name does not reappear in literature in connection with this 
group of animals until Gray’s time, seem to me to take a most arbitrary view of the 
requirements of nomenclature, and one which I do not consider justifiable in the present 
case. ‘To those who still adhere to the letter rather than the spirit of this canon of name- 
priority, I would point out that Pentaceros was used by Schiilze' exactly in Linck’s sense 
in 1760, after ten editions of the Systema Naturze had been published, and that it was 
also used by Schréter? in 1782. There is consequently no valid reason whatever for 
relinquishing this well-known name, and the onus of employing a term already appro- 
priated will rest with the ichthyologists. 


Chorology of the Genus Pentaceros. 
a. Geographical distribution :— 


AtLantic: Three species between the parallels of 30° N. and 20°S. (A fourth 
species is doubtfully reputed to be from the Adriatic, but its occurrence has 
never been verified.) 

*Pentaceros dorsatus, off the Cape Verde Islands. Pentaceros 
forcipulosus, off the Coast of Guinea (West Africa). Pentaceros 
reticulatus, from the West Indies and Brazil, and extending to 
Freemantle, west coast of Australia. Pentaceros carinatus was 
recorded with doubt to be from the Adriatic, but no second example 
of the species has since been found. 


IypIAN and SoutHerN Oceans: Fourteen or sixteen species between the parallels 
of 30° N. and 40° S. 

Pentaceros mammillatus and Pentaceros tuberculatus, from the 
Red Sea, the former being also found at Mauritius, and the latter off 
the East Coast of Africa. (I have a strong impression that Pentaceros 
tuberculatus is only a synonym, or at most a variety, of Pentaceros 
mammullatus.) Pentaceros hiulcus, Pentaceros turritus, and Pen- 
taceros muricatus, off Mauritius and Zanzibar, the last-named also off 
Madagascar and the Seychelle Islands; both Pentaceros turritus and 
Pentaceros muricatus extend into the Eastern Archipelago, the latter 

1 Betrachtung der versteinerten Seesterne u. ihre Theile. Warschau u. Dresden, 1760, p. 50. 
2 Musei Gottwaldiani Testaceorum, Stellarum marinarum et Corallioram que supersunt Tabulew (Die 


Conchylien, Seesterne und Meergewichse der ehemaligen Gottwaldtischen Naturaliensammlung nach den 


vorhandenen neun und vierzig Kupfertafeln mit einer kurzen Beschreibung begleitet von Johann Samuel 
Schroter). Nurnberg, 1782, p. 58. 


asterisk. 


“ 
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passing also into the Pacific. Pentaceros belli, Pentaceros sladena, 
and Pentaceros grayi, from Mauritius, the last named also from 
Zanzibar, and extending into the Hastern Archipelago. Pentaceros 
verrucosus, the type of which was simply recorded as from “ Indien,” 
seems to me to embrace Pentaceros nodosus, Gray (non Linné); and if 
this view be correct, it would include also Pentaceros clouei and 
Pentaceros gray.  Pentaceros affinis, Pentaceros requlus, and 
Pentaceros westermanni, from India, the last two off the west coast, 
but the exact locality of the first is unknown. Pentaceros reinhardti, 
from the Nicobar Islands. Pentaceros granulosus, Pentaceros nodu- 
losus, and Pentaceros reticulatus, from the west coast of Australia, 
the last named extending into the Atlantic (West Indies and Brazil). 
Pentaceros granulosus appears to me a doubtful member of the genus. 


EasteRN ARCHIPELAGO: Eleven species between the parallels of 20° N. and 20° 8. 


PACIFIC : 


Pentaceros hedemanm, *Pentaceros productus, Pentaceros de- 
cipiens, Pentaceros liitkeni, Pentaceros troscheli, Pentaceros miillerc, 
and Pentaceros grayi, from Billiton, the last named extending into 
the Indian Ocean to Zanzibar. Pentaceros superbus, from Sumatra. 
Pentaceros muricatus, from Timor, Larentuka, and Amboina, and ex- 
tending into the Indian Ocean. *Pentaceros twrritus, from Am- 
boina, Ceram, Banda, and New Guinea, and extending into the Pacific 
and Indian Oceans. *Pentaceros callimorphus, from Torres Strait. 


Nine or ten species between the parallels of 30° N. and 40° 8. 

Pentaceros alveolatus, Pentaceros caledonicus, and Pentaceros tur- 
ritus, from New Caledonia, the last named extending into the Eastern 
Archipelago and Indian Ocean.  Pentaceros chinensis and Pen- 
taceros orientalis, from China. Pentaceros australis, Pentaceros val- 
vulatus and Pentaceros gracilis, from Australia, the last from the east 
coast. Pentaceros cumingi and Pentaceros occidentalis, off the west 
coast of America, the former from Guayaquil, the latter from Central 
and Northern America. I believe, however, that the two names are 
synonymous, and that Pentaceros occidentalis should consequently be 
disused. 


8. Bathymetrical range: Shallow water ; all confined to the Littoral zone. 


y. Nature of the Sea-bottom: Recorded in very few instances, probably varying con- 


siderably, but Sand or Mud in most cases. 


The species collected by the Challenger are indicated in the foregoing list by an 


(ZOOL. CHALL, EXP.—PART LI,—1888. ) {4 
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Chorological Synopsis of the Species herein mentioned. 


Ocean. Range in Fathoms. Nature of the Sea-bottom. 
Pentaceros callimorphus .| Eastern Archipelago. 6 Coral mud. 
Pentaceros dorsatus . 3 Atlantic. tee 
Pentaceros productus . . | Eastern Archipelago. 10 Sand. 
Pentaceros turritus  . Eastern Archipelago, \ 6 to 28 Sand, Coral mud, Green mud. 
Pacific and Indian. s 


1. Pentaceros dorsatus (Linné), Perrier. 


Asterias dorsatus, Linné, 1753, Museum Tessinianum, p. 114, t. 9, fig. 2. 

Asterias nodosa (pars), Linné, 1766, Systema Nature, ed. xii. p. 1100. 

Oreaster clavatus, Miiller and Troschel, 1842, System der Asteriden, p. 49. 

Oreaster dorsatus, Liitken, 1865, Videnskab. Medd. naturh. Foren. i Kjgbenhayn, 1864, p. 161. 
Pentaceros dorsatus, Perrier, 1876, Révis. Stell. Mus., p. 245 (Archives de Zool. expér., t. v. p. 61). 


Locality.—Off Porto Praya, St. Jago (Cape Verde Islands). 
Remarks.—One of the examples is remarkably fine, its dimensions being R= 147 mm. ; 
r=76 mm. 


2. Pentaceros turritus, Linck. 


Pentaceros turritus, Linck, 1733, De Stellis marinis, p. 22, tab. ii. and iii. No. 3. 

Asterias nodosa, Linné (pars), 1766, Systema Nature, ed. xii. p. 1100. 

Pentaceros Franklinii, Gray, 1840, Ann. and Mag. Nat. Hist., vol. vi. p. 277; Synop. Spec. Starf. Brit. 
Mus., 1866, p. 6, pl. 10. 

Oreaster turritus, Miiller and Troschel, 1842, System der Asteriden, p. 47. 

Pentaceros modestus, Gray, 1866, Synop. Spec. Starf. Brit. Mus., p. 6, pl. 9. 


Localities.—Station 212. Off Malanipa Island (Philippine group). January 30, 1875. 
Lat. 6° 54’ 0” N., long. 122° 180” E. Depth 10 fathoms. Sand. Surface temperature 
83°°0 Fahr. 

Off Samboangan (Philippine group). January 29, 1875. Depth 10 fathoms. 

Off Zebu (Philippine group). On the Reefs. 

Station 187. Off Booby Island, Torres Strait. September 9, 1874. Lat. 10° 36’ 0” 
S., long. 141° 55’ 0” E. Depth 6 fathoms. Coral mud. Surface temperature 77°°7 
Fahr. 

Station 188. In the Arafura Sea, near the entrance to Torres Strait. September 
10, 1874. Lat. 9° 59’ 0” §., long. 189° 42’ 0” E. Depth 28 fathoms, Green mud. 
Surface temperature 78°°5 Fahr. 
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3. Pentaceros productus, Bell, sp., var. tuberata, nov. 
Oreaster productus, Bell, 1884, Proc. Zool. Soc. Lond., p. 74. 


Localities.—Station 212. Off Malanipa Island, Philippine group. January 30, 1875. 
Lat. 6° 54’ 0” N., long. 122° 180” E. Depth 10 fathoms. Sand. Surface temperature 
83°°0 Fahr. 

Off Samboangan, Philippine group. Depth 10 fathoms. 

Remarks.—There are several specimens which I have referred to this species, notwith- 
standing the fact that they exhibit some differences which are superficially conspicuous 
when compared with the series of examples from Billiton preserved in the British Museum, 
which were described by Professor Bell. The chief difference consists in the greater 
prominence of the tubercles along the median radial line, which in these Philippine 
examples are large mammiform prominences, the larger ones on the disk terminating in a 
small teat-like apex; two of these are sometimes present on the first or second tubercle 
at the adcentral end of the series. 

The granulation of the abactinal surface of the Philippine examples is generally coarser 
than in those from Billiton, and shows a tendency to assume the form of flattened polygonal 
plates here and there amongst the other granules, chiefly on the plates between the 
papular areas. The disk is prominently convex and its actinal surface is concave, whilst 
the disk of the Billiton examples is comparatively flat. This difference is probably owing 
to the method of preservation: the Challenger specimens having been put into spirit 
when collected, whilst the Billiton examples are dried, and do not appear to have been 
placed in any preservative medium previously. P 

The actinal surface and all the other details of structure not above mentioned of the 
Philippine specimens correspond exactly to the type examples of the species from Billiton, 
so admirably described by Bell. After carefully studying both series, I do not feel that 
the differences above noticed are sufficient to justify the specific separation of the Philip- 
pine examples. Professor Bell has kindly compared one of the latter with his types, and 
his opinion accords entirely with the views above expressed. 

The conspicuous character of the differences noted in the Philippine examples of Pen- 
taceros productus, and their persistence in all the specimens collected by the Challenger, 
appear to warrant the recognition of the form as a well-marked variety, which may 
appropriately be called var. twberata. 


4, Pentaceros callimorphus, nu. sp. 
Rays five. R=278 mm.; r=110. R>257r. Breadth of a ray between the sixth 
and seventh infero-marginal plates, 80 mm.; breadth midway between the mouth and 


the extremity, 60 mm. 
Disk large, elevated, and regularly convex, almost semicircular in profile, its height 
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being about 100 mm. measured from the resting plane. Rays well produced, rather 
broad at the base and rather flat abactinally, tapering gradually to the extremity. The 
interbrachial ares very wide and well rounded. Actinal area plane along the rays, con- 
cave within the disk. 

The whole abactinal area is marked off by trabeculze into large ‘regular triangular 
papular areas, with a roundly conical tubercle at each angle. The tubercles fall into 
regular longitudinal lines, forming a median radial line and two parallel lines on each side. 
The tubercles or spinelets of the median line are not larger than the others, and all are 
subequal upon the disk, the primary radial ones being only the slightest shade larger than 
the others. The pentagon marked out by the primary radial tubercles is divided into 
smaller triangles with tubercles at their angles, which causes the tubercles to appear 
crowded there. From the base of the ray outward the tubercles diminish in size some- 
what, and there is considerable irregularity in their distance apart. At the tip of the ray 
they become robust, crowded, and more conical. Along the ray the papular areas are apt 
to be irregular in form. ‘There is a naked space devoid of tubercles and trabecule along 
the margin of the disk, and this is rounded and rather tumid, so that the supero-marginal 
tubercles are not normally visible along the margin of the disk and at the base of the 
rays when the starfish is viewed from above. The granulation consists of small granules 
with larger ones intermixed, the latter being more or less mammilliform, and often 
showing a tendency to form groups which simulate indistinct little rosettes. A few small 
elongate foraminal pedicellariz are present in each area, but are not numerous. The 
trabeculee are narrow, elevated, and well defined. The papule are numerous. The 
granulation mounts the bases of the tubercles, but never covers the tip, terminating with 
an abrupt line, which gives many of the tubercles rather an acorn-like appearance. 

The supero-marginal plates, which are twenty-seven in number from the median 
interradial line to the extremity, are small and each bears a tubercle, which is rounded in 
the disk area, but becomes more conical on the outer half of the ray, while the plate 
which bears it is also more or less mammillated, the base of the tubercle spreading out 
widely and occupying nearly the whole plate. 

The infero-marginal plates, which are twenty-nine or thirty in number, are confined 
entirely to the actinal surface, the supero-marginal plates forming the actual margin. 
Each plate bears a similar tubercle, which may frequently be doubled, and sometimes 
divided into three or four, all springing out of the one base. All the marginal tubercles 
have non-granulated tips like the tubercles on the abactinal surface. Elongate foraminal 
pedicellarize are rather numerous on the infero-marginal plates, and are also present on 
the superior series. In the space between the supero-marginal and infero-marginal 
tubercles are a number of larger “ granules,” which bear a striking resemblance to paxillee 


in consequence of having a circlet of smaller granules round their margin surrounding a 
central granule. 
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The armature of the adambulacral plates consists of four distinct series of spinelets. 
The innermost or furrow series consists of ten to twelve (normally ten) small, flattened, 
obtuse spinelets, which form a compact scoop-like comb, the middle spines being longest, 
and the outer ones very short; these spines are placed very high in the furrow, and each 
successive comb is separated from that on the neighbouring plate by a rather large 
forceps-shaped pedicellaria near the adoral end of the series. On the actinal surface of 
the plate is a series of four or five large robust, flat, obtuse spinelets, which stand close 
together, palisade-like, the series being more or less scoop-shaped owing to the shght 
curvature of the base line and the general rounding of the top of the series ; the spinelets 
may also have a slight individual curvature like front teeth. These are followed by a 
second series of four or five, and a third series of usually three spines, both series being 
similar in size and character to those above mentioned. On the outer part of the plate 
are often three or four irregular, prominent, subprismatic granules or incipient spinelets, 
irregularly placed. Near the extremity of the ray the outer series are less flattened, and 
may show irregularity in number and position, the number being less. Between the 
furrow series of spinelets and the first actinal series are a number of small flat oranules. 

The actinal intermediate plates are covered with a rather coarse uniform granulation, 
and bear small, short, subconical, prominent spinelets or papilliform granules. On the 
second and third series of plates, behind the adambulacral plates, these spinelets are 
placed in a line on the plate at right angles to the furrow, from three to five in each. 
On the plates next the adambulacral plates the same lineal arrangement is discernible, 
but it is more or less masked by grouping or doubling of the line. On the remaining 
plates, which are near the margin, the spines are one, two, or three together ; and the 
comparative propinquity of the groups leads to the inference that the intermediate 
plates are small there. It is impossible to make out any trace of the shape of the 
intermediate plates, the granular surface already mentioned forming a uniform level 
ground. On the intermediate areas of the disk, and at the base of the rays, very 
numerous valvate pedicellarie are present. These form lineal series between the lines 
of spines above described, but on the inner part of the area become more numerous and 
irregular. Their length is equal to the breadth of three or four granules, or even more. 
Near the adambulacral plates foraminal pedicellarize are present ; and these are more 
numerous along the ray beyond the base, and extend on the intermediate plates there, 
where the valvate pedicellarize are either absent or of very rare occurrence. Behind 
the mouth-plates there is some gibbosity on the actinal interradial area, and irregular 
spinelets are present. 

The armature of the mouth-plates consists entirely of a marginal series of mouth- 


" spines, which appear to be greatly enlarged representatives of the furrow series of spines 


on the adambulacral plates. 
The madreporiform body, which is very large and irregularly oval in form, is situated 
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at about one-third of the distance from the centre to the margin. Its surface is covered 
with numerous and very fine strize, and the margin is raised, which gives the organ a 
“ put-on” appearance. 

The ambulacral tube-feet are very large, and have large fleshy sucker disks. 

Colour in alcohol, a bleached yellowish white. 

Locality.—Station 187. Booby Island, Torres Strait. September 9, 1874. Lat. 
10° 36’ 0” S., long. 141° 550” E. Depth 6 fathoms. Coral mud. Surface temperature 
77°'7 Fahr. 

Remarks.—This species shows affinities to Pentaceros westermanni and the group 
of forms allied to Pentaceros orientalis. Pentaceros callimorphus differs conspicuously 
from these, as well as from other members of the genus, by the character of the armature 
of the adambulacral plates (see foregoing description) ; and by the spinulation of the 
actinal intermediate plates,—the lineal arrangement of spinelets on the rows of inter- 
mediate plates external to the adambulacral plates on each side of the furrow imparting 
a very striking ornamentation to the actinal surface. The character and the uniformity 
of the size of the tubercles on the abactinal surface, as well as the large, regular, and 
well-defined papular areas, are also noteworthy. 


Genus Pentaceropsis, n. gen. 


All recent writers who have discussed the structural characters of Pentaceros 
obtusatus (Bory de Saint Vincent), Perrier, have thrown out the suggestion that its 
peculiarities demand generic recognition, but no one has been bold enough to actually 
place it apart. In taking this step now, I fear that I may incur the risk of drawing 
upon myself the stigma implied by the poet as merited by those whose footsteps are less 
timorous than those of more gifted persons! Having no desire to be accredited with wings 
at the expense of my convictions, I propose to call the genus Pentaceropsis, as indicating 
its affinity to Pentaceros. It is characterised by the generally flat form, by the presence 
of the intercalated series of plates between the supero-marginal and infero-marginal plates 
in the interbrachial arcs, and by the irregular character of the abactinal plating. 


Chorology of the Genus Pentaceropsis. 
a. Geographical distribution :-— 
Eastern ARCHIPELAGO and (?) INDIAN OcEAN: One species between the parallels 
of 20° N. and 30° 8. 
Pentaceropsis obtusatus, from the Philippine Islands, and also 


reputed to have been found at Mauritius. The latter locality appears 
to be doubtful. 


8. Bathymetrical range: Shallow water. 
y. Nature of the Sea-bottom: Not recorded. 


2 as 
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Chorological Synopsis of the Species. 


Ocean. Range in Fathoms, Nature of the Sea-bottom. 


: Eastern Archipelago x 
Pentaceropsis obtusatus . { and (?) Indian Be { \ Shallow water. 


1. Pentaceropsis obtusatus, Bory de Saint Vincent, sp. 


Asterias obtusatus, Bory de Saint Vincent, 1827, Encycl. Méthod., 10e livr. p. 140, pl. ciii. 

Oreaster obtusatus, Miiller and Troschel, 1842, System der Asteriden, p. 50. 

Pentaceros obtusatus, Perrier, 1876, Révis. Stell. Mus., p. 249 (Archives de Zool. expér., t. v. p. 65). 
Locality. —Off Zebu, Philippine group. On the Reefs. Depth and conditions not 


recorded. 
Genus Culcita, Agassiz. 
Culcita, Agassiz, Mém. Soc. Sci. Nat. Neuchatel, 1835, t. i. p. 192. 


All the species in this genus present a remarkable similarity of facies; and each is 
subject to considerable variation. In some cases a greater superficial difference exists 
between the growth stages of a species than between forms recognised as specifically 
distinct. As a natural result the determination of a limited number of examples of any 
of the forms is attended with considerable difficulty ; and much confusion exists in the 
labelling of specimens preserved in different museums. 

Only one species of Culcita was collected during the Challenger Expedition, which I 
have referred to the Culcita nove-quinex of Miiller and Troschel. 


Chorology of the Genus Culcita. 
a. Geographical distribution :— 
INDIAN and SouTHERN OcEANS : Four species between the parallels of 30° N. and 
40° 8. : ; 
Culcita coriacea, Culcita pentangularis, and Culcita schmide- 
liana, off Mozambique; Culcita coriacea being found also in the 
Red Sea, and Culcita schmideliana at Zanzibar, Madagascar, and 
Mauritius ; Culcita pentangularis and Culcita schmideliana extend 
into the Eastern Archipelago and Pacific, although the occurrence 
of Culcita schnudeliana in the Pacific is perhaps doubtful. Culcita 
veneris, from the Island of St. Paul. 

HasTERN ARCHIPELAGO: Four species between the parallels of 10° N. and 20° §. 
Culcita nove-gquinex, off the coast of New Guinea, extending 
to New Hanover (jide Studer). Culcita pentangularis, from Torres 
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Strait, extending to Mozambique in the Indian Ocean and to the Fiji 
Islands in the Pacific. Culcita schmideliana, from Amboina, and 
extending into the Indian Ocean to the East Coast of Africa, and ( fide 
Gray) into the Pacific to the Galapagos Islands, Culcita grex, from 
Molucca (Leyden Museum). 

Paciric: Three or four species between the parallels of 30° N. and 20° S. 

Culcita acutispina, from the New Hebrides. Culcita arenosa, from 
the Sandwich Islands. Culcita pentangularis, from the Fiji Islands, 
and extending into the Eastern Archipelago and the Indian Ocean. 
Culcita nove-guinex is recorded from New Hanover by Studer. 
The occurrence of Culcita schnudeliana in the Pacific (Galapagos 
Islands, fide Gray), still needs authentication. 

B. Bathymetrical range: Shallow water. 


y. Nature of the Sea-bottom: Not recorded. 


Chorological Synopsis of the Species. 


| | | 


| Ocean. Range in Fathoms. Nature of the Sea-bottom. 
| J 
Culcita arenosa . : - | Pacific. (?) Shallow water. 
Culcita coriacea . : . | Indian. hd | 
Culcita grex ° < . | Eastern Archipelago. ee 208 
Culcita nove-guinee . . | Eastern Archipelago. | 10 Sand. 


Indian, Eastern Archi- 
pelago, and Pacific. 

Indian, Eastern Archi- 
pelago, (?) Pacific. | 

Culeita veneris . i ; Southern Ocean, id cite as | 

Culcita acutispina . | Pacific. 


Culcita pentangularis . 


LS 


Culcita schnudeliana . 


Se 


1. Culcita nove-guinex, Miiller and Troschel. 
Culcita Novee-Guinex, Miiller and Troschel, 1842, System der Asteriden, p. 38. 
Culcita pulverulenta (Valenciennes M.S.), Perrier, 1869, Ann. Sci. Nat., 5e Sér., t. xii. p. 260. 

Localities. —Off Zebu, Philippe group. On the Reefs. 

Station 212. Off Malanipa Island, Philippine group. January 30, 1875. Lat. 
6 54’ 0” .N., long, 122° 18’ 0” E, Depth 10 fathoms. Sand. Surface temperature 
83°°0 Fahr. 

Remarks.—Examples of this form may be selected which correspond exactly to the 
type of Gray’s Culcita pentangularis. After a careful study, however, of the various 
examples referable to Culcita nove-guinex which I have been able to examine, I am 
unable to indicate any characters by which these two forms can be separated specifically, 
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and I have therefore referred the material now in my hands for description to the first 
described species. 


Genus Asterodiscus, Gray. 
Asterodiscus, Gray, Proc. Zool. Soc. Lond., 1847, Part xv. p. 75. 

This genus, although a near ally of Culcita, is well marked, and may readily be dis- 
tinguished from all other forms. The character of its abactinal tegumentary structure, 
and the presence of the pair of large marginal plates at the extremity of the rays, separate 
it generically from the other members of the family. Only one species is at present 
known. 

Chorology of the Genus Asterodiscus. 


a. Geographical distribution :— 
Eastern ARCHIPELAGO and Pactric: One species between the parallels of 0° and 
30° N. 
Asterodiscus elegans, from Samboangan and N. E. China. 
8. Bathymetrical range: Shallow water. 
y. Nature of the Sea-bottom: Not recorded. 


Chorological Synopsis of the Species. 


| Ocean. Range in Fathoms. Nature of the Sea-bottom. 


\ 10 


Asterodiscus elegans { | Eastern Archipelago and 
¢) 7 7 | Pacific. 


1. Asterodiscus elegans, Gray. 
Asterodiscus elegans, Gray, 1847, Proc. Zool. Soc. Lond., Part xv. p. 75; Ann. and Mag. Nat. Hist., 
1847, p. 196; Synop. Spec. Starf. Brit. Mus., 1866, p. 5, pl. xii. figs. 1 and 2. 
Locality.—Station 212. Off Samboangan, Philippine group. Depth 10 fathoms. 
ftemarks.—The example collected by the Challenger has more numerous prominent 
tubercles on the abactinal area than Gray’s figure represents; and the median radial line 
is not so definite. The adambulacral armature consists of (1.) a furrow series of five spines 
(the adoral one small and often hidden); and (2.) on the actinal surface of the plate a 
transverse series of three robust, papilliform spines on the inner half of the ray and of 
two on the outer half (the outermost often with one small, irregular, prismatic granule on 
each side). A pedicellaria with two elongate jaws often stands on the adoral side of the 
first or second of the spines on the actinal surface of the plate, or opposite their inter- 


space, on the middle or outer third of the furrow. Numerous pedicellaris, with delicate 
(ZOOL, CHALL. EXP.—PART L1,—1888.) 45 
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elongate jaws, often curiously curved, are present on the actinal intermediate plates. The 
actinal area is very knobby, with triangular subprismatic granules between the knobs; 
the arrangement appearing to be one larger-sized knob to each plate, sometimes accom- 
panied by smaller ones, surrounded by irregular pinched-out granules. 


Genus Choriaster, Liitken. 


Choriaster, Liitken, Catalog des Museum Godeffroy, 1869, No. iv., p. 35; Videnskab, Medd. naturh. 
Foren. i Kjgbenhayn, 1871, p. 243. 


This remarkable genus appears to have a comparatively limited area of distribution, 
being known in literature only from the Pelew and Fiji Islands. There is, however, an 
example in the Museum at Vienna labelled as from New Zealand; and Samboangan, in 
the Philippine group, is now added as a new locality by the Challenger Expedition. 


Chorology of the Genus Choriaster. 
a. Geographical distribution :-— 
Pactric and Eastern ARCHIPELAGO: One species between the parallels of 10° 
N. and 50° 8. 
Choriaster granulatus from Samboangan in the Hastern Archipelago, 


and from the Pelew and Fiji Islands in the Pacific; and extending to 
New Zealand. 


8. Bathymetrical range: Shallow water (10 fathoms at Samboangan). 
y. Nature of the Sea-bottom: Not recorded. 


Chorological Synopsis of the. Species. 


| Ocean. Range in Fathoms. Nature of the Sea-bottom. 
a a a 
| 
Ghopinslen Gronuinh { Eastern Archipelago and 10 
Bae ge Pacific. Shallow water. 


1. Choriaster granulatus, Liitken. 


Choriaster granulatus, Liitken, 1869, Cat. Mus. Godeffroy, No. iv. p. 85; Videnskab. Medd. naturh. 
Foren. i Kjgbenhavn, 1871, p. 243. 


Localities.—Station 212. Off Samboangan, Philippine group. Depth 10 fathoms. 
Off Kandavu, Fiji Islands. Depth and conditions not recorded. 
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Family GYMNASTERIID &, Perrier, 1884. 


The older known genera included in this family were originally classed by Perrier’ in 
the Goniasteride. They were subsequently removed by Viguier,’ with the exception of 
Gymnasteria, to the Asterinide. Latterly, in the new classification proposed by M. 
Perrier,® they were separated as an independent family, Gymnasteria being taken as the 
type form and again united with the genera which were separated from it by Viguier. 

I fully concur in the course adopted by Perrier and maintain the family as established 
by him, notwithstanding the fact that more than one of the recently discovered genera 
appear to diminish considerably the difference supposed to exist between the Gymnas- 
teriidee and Asterinide. 

I have added several genera to those ranked by Perrier in the Gymnasteriidee, and 
of these one or two have unquestionably many affinities with the Asterinide ; but the 
balance of their structural ‘“ points” seems to me to warrant their classification with the 
Gymnasteriide. To those who take the broad view of taxonomic relationship inseparable 
from a theory of descent involving the assumption of organic form being dependent on 
variation and adaptation, this interlocking, as it might be termed, of allied families need 
not, in my opinion, invalidate the acceptance of the independent existence of two types 
or families, because some of their component forms show intermediate and transitional 


‘characters. This, indeed, seems to me to be a case which might be expected to occur 


under favourable circumstances ; although in general these intermediate phases have dis- 
appeared. 


Synopsis of the Genera included in the Family GYMNASTERIID®. 


A. Marginal and abactinal plates devoid of spines. 
a, Abactinal plates irrecular or substellate, not forming a composite reticulated 
mesh-work, Adambulacral armature: furrow series consisting of two 
spines; actinal spines one or two. Marginal plates large. A pair of 
specially localised pedicellariz at the base of the rays on the abactinal 
surface ns F 5 > , 7 ‘ 5 5 A ; .  Asteropsis. 
b. Abactinal plates forming a composite reticulated mesh-work. Adambulacral 
armature ; furrow series consisting of one spine ; one actinal spine. Mar- 
ginal plates small, pear-shaped, obliquely placed and strongly imbricating. 
No localised pedicellariz at the base of the rays . 5 : . . Dermasterias. 
B, Marginal plates with spines. , 
a. With a medio-radial series of large spines. Supero-marginal plates forming 
the margin, bearing large isolated spines. Abactinal plates rounded, 
forming regular longitudinal series : ¢ é C 6 : -  Gymnasteria. 


1 Reévis. Stell. Mus., p. 27 (Archives de Zool. expér., 1875, t. iv. p. 291). 
2 Archives de Zool. expér., 1878, t. vii. p. 204. 
3 Nouv. Archives Mus. Hist. Nat., 2c Sér., 1884, t. vi. p. 165. 
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b. With no median radial series. Abactinal plates not forming regular longi 
tudinal series. 
a. Abactinal area devoid of plating. Actinal intermediate plates 
forming isolated bands in transverse series. . Tylaster. 
b. Abactinal area plated. Actinal area with large pigane Gate nitae : 
«. Plates covered with membrane ; usually devoid of spines or 
only rare isolated ones woven ; . Porania. 
8. Plates usually spinous, or with the whole riamnteané cleaeie 
crowded with miliary spinelets. 
i. Margin angular, formed entirely by the infero- 
marginal plates. Supero-marginal plates hidden 
and inconspicuous. 
1. Infero-marginal plates with a flattened comb 
of spinelets, which form a broad marginal 
fringe . 4 “ Marginaster. 
2. Spines when borne on the mere plats 
grouped and inconspicuous, not forming 
a marginal fringe. 
1. Papule single and isolated. Adam- 
bulacral armature on the actinal 
surface of the plate in a grouped 
or double series : : .  Lhegaster. 
2. Papule grouped. Adambulacral 
armature on the actinal surface of 
the plate in a single series . . Poraniomorpha. 
i. Margin thick. Supero-marginal and infero-mar- ; 
ginal plates superposed. Supero-marginal plates 
well-developed and conspicuous, subequal to the 
infero-marginal plates. e 3 2 -  Lasiaster. 


Genus Gymnasteria, Gray. 


Asterope, Miiller and Troschel, Monatsber. d. k. Akad. d. Wiss. Berlin, April 1840, p. 104 (non 
Philippi, 1840). 

Gymnasteria, Gray, Ann. and Mag. Nat. Hist., 1840, vol. vi. p. 278. 

Asteropsis (pars), Miiller and Troschel, System der Asteriden, 1842, p. 62. 

This genus was first recognised by Miiller and Troschel in 1840 under the name of 
Asterope, the Asterias carinifera of Lamarck being the type form, The name Asterope, 
however, was employed by Philippi in the same year for a Crustacean genus, and was not 
again used by Miiller and Troschel. In their System der Asteriden, published in 
1842, the same type was referred to a new genus named Asteropsis, and with it were 
associated the Asterias pulvillus of O. F. Miiller and the Asterias vernicina of Lamarck. 
These three forms, however, constitute the types of three distinct genera, two of which 
were established by Gray in 1840 under the names of Gymnasteria and Porama, 
Asterias carinifera of Lamarck being referred to the former, and Asterias pulvillus, 
O. F. Miiller, to the latter. Gray’s names have consequently priority and are now 
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maintained. The third form mentioned above, Asterias vernicina, remains the type of 
Miiller and Troschel’s genus Asteropsis. 


Chorology of the Genus Gymnasteria. 
a, Geographical distribution :— 


Inpran Ocean: One species between the parallels of 30° N. and 30° 8. 

Gymnasteria carinifera from the Red Sea and Mauritius, and 
extending into the Eastern Archipelago and Pacific. 

Eastern ARCHIPELAGO: One (or perhaps two) species between the parallels of 
20° N. and 20° 8. 

Gymnasteria carinifera from Amboina and other islands, and 
extending both into the Indian and Pacific Oceans. Gymnasterva 
biserrata from Larentuka, is in my opinion a young stage of 
Gymnasteria carinifera, or at most a variety which has maintained 
its juvenile characters. 

Pacrric: One (or perhaps two) species between the parallels of 30° N. and 30°, 

Gymnasteria carinifera from New Caledonia, the Fiji Islands, 
the Sandwich Islands and Panama, and extending into the Hastern 
Archipelago and Indian Ocean. Gymnasteria valvulata from the 
Galapagos Islands is a very young form, on the specific validity of 
which it is somewhat hazardous to place reliance. 

B. Bathymetrical range: Shallow water. 


y. Nature of the Sea-bottom: Not recorded. 


Chorological Synopsis of the Species. 


Ocean. Range in Fathoms. | Nature of the Sea-bottom. | 
sl ea. ree | ee 
(aa Indian Ocean. | | | 
Gymnasteria carinifera . b | Pacific. Archipelago. Shallow water. 
Pacific. 
? Gymnasteria biserrata . i Eastern Archipelago. ass a me | 
? Gymnasteria valvulata . Pacific. os oe 


1. Gymnasteria carinifera (Lamarck), von Martens (PI. LIT. figs. 5-8 juv.). 


Asterias carinifera, Lamarck, 1816, Hist. nat. anim. s. vert., t. ii. p. 556. 

Asterope carinifera, Miiller and Troschel, 1840, Monatsber. d. k. Akad. d. Wiss. Berlin, p. 104 (non 
Asterope, Philippi). 

Gymnasteria spinosa, Gray, 1840, Ann. and Mag. Nat. Hist., vol. vi. p. 278. 
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Gymnasteria inermis, Gray, 1840, Ann. and Mag. Nat. Hist., vol. vi. p. 278. 

Asteropsis carinifera, Miiller and Troschel, 1842, System der Asteriden, p. 63. 

Gymnasterias carinifera, v. Martens, 1866, Archiv f. Naturg., Jahrg. xxxii. Bd. i. p. 74. 

1 Gymnasterias biserrata, v. Martens, 1866, Archiv f. Naturg., Jahrg. xxxii. Bd. i. p. 74 (an juv.). 


Locality. —Off Kandavu, Fiji Islands. On the Reefs. 

Remarks.—Two adult examples (presenting the well-known characters of this form), 
and one young one, were collected by the Challenger at the above-named locality. I 
have given drawings of the young specimen (see Pl. LI. figs. 5-8), in order to show the 
presence of spinelets on the infero-marginal plates, and their absence along the median 
line of the ray: a state of things exactly the reverse of what occurs in the adult condition. 
This circumstance leads me to believe that the form described by von Martens as speci- 
fically distinct under the name of Gymnasteria biserrata, is only the young stage of 
Gymnasteria carinifera, or at most only a variety in which the juvenile characters are 
maintained throughout life. 

Valuable observations on the growth stages of this species, as presented by a series of 
examples from Mauritius, have been made by de Loriol,’ who has also given figures, 
with which it will be interesting to compare those on P]. LIL. of the young example from 
Kandavu. 

It may be remarked that some variation occurs in the spinulation of the infero-margi- 
nal plates of adult specimens from different localities. Normally in fully grown examples 
these plates bear no trace of spines, but in large specimens from the Red Sea (which 
are amongst Miiller and Troschel’s types in the Berlin Collection), traces of a few incipient 
spines are present on the outer part of the ray. Also in examples from Mozambique and 
from Timor the occasional spinulation of the infero-marginal plates is more pronounced. 


I do not, however, look upon these as anything more than local, and perhaps even 
individual, variations. 


enus Porania, Gray. 


Goniaster (pars), Forbes, Mem. Wern. Soc., 1839, vol. vili. p. 118. 
Porania, Gray, Ann. and Mag. Nat. Hist., 1840, vol. vi. p. 288. 
Asteropsis (pars), Miiller and Troschel, System der Asteriden, 1842, p. 62. 


This well-marked genus was established by Gray in 1840, and the name he proposed 
has an incontrovertible claim for acceptance. Notwithstanding this, some recent writers 
have followed the terminology of Miller and Troschel, and have used the name Asteropsis 
for this genus, but I venture to think this has been done without due acquaintance with 
either the literature or the merits of the case. The remarks which I have made on the 
genus Gymnasteria will be sufficient to indicate the history of the question, as well as the 
justice of maintaining Porania and Asteropsis as independent genera. 


1 Mém. Soc. Phys, et Hist. Nat. Genéve, 1885, t. xxix. No. 4, p. 68. 
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Chorology of the Genus Porania. 
a. Geographical distribution :— 


Attantic: Three species,—two between the parallels of 35° and 70° N., and one 
between the parallels of 50° and 60° S. 
Porana pulvillus, off the coasts of Scandinavia and Britain. 
Porana grandis, off the coast of the United States of North America. 
Porania antarctica, from South Georgia (fide Studer), and extending 
into the Southern Ocean. 


SourHERN OcEaNn: Three species between the parallels of 40° and 60° 8. 
Porania glaber and Porania antarctica, from Kerguelen, the 
latter also off Marion Island, Prince Edward Island, and the Crozet 
Islands. Porania spiculata, off Heard Island, and extending into 
the Eastern Archipelago. 


Eastern ArcuipeLaco: One species between the parallels of 0° and 10° 8. 
Porania spiculata, off the Arrou Islands, and extending into the 
Southern Ocean to Heard Island. 


Paciric: One species between the parallels of 40° and 60° 8. 
Porana magellanica, off the coast of Patagonia, and in the Strait 
of Magellan. 


8. Bathymetrical range: 15 to 1600 fathoms. 
Greatest range of one species: Porania antarctica, 50 to 1600 fathoms. 


y. Nature of the Sea-bottom: Porania spiculata is found on Gravel, Volcanic mud 
and Green mud; Porania magellanica on Green sand; and Porania antarctica 
on Diatom ooze in 1600 fathoms. 


Chorological Synopsis of the Species. 


Ocean. Range in Fathoms. Nature of the Sea-bottom. 

Porania antarctica . ; Southern and Atlantic. 50 to 1600 Diatom ooze (1600 fathoms). 

Porania glaber . : : Southern. 30 to 127 ar abe 

Porania grandis . $ Atlantic. 66 to 373 oes 

Porania magellanica F Pacific. 45 Green sand. 

Porania pulvillus . : Atlantic. 15 to 106 ce a 

a : Southern Ocean and Coarse gravel, Volcanic mud and 

| Porania spiculata ° { Eastern Archipelago. \ dowreno { Green mud (800 fathoms). 
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1. Porania pulvillus (O. F. Miiller), Norman. 


Asterias pulvillus, O. F. Miiller, 1788, Zool. Dan., vol. i. p. 19, tab. xix. figs. 1 and 2. 
Goniaster Templetoni, Forbes, 1839, Mem. Wern. Soc., vol. viii. p. 118, pl. iv. figs. 1 and 2. 
Porania gibbosa, Gray, 1840, Ann. and Mag. Nat. Hist., vol. vi. p. 288. 
Asteropsis pulvillus, Miiller and Troschel, 1842, System der Asteriden, p. 63. 
Asteropsis ctenacantha, Miiller and Troschel, 1842, System der Asteriden, p. 63. 
Porania pulvillus, Norman, 1865, Ann. and Mag. Nat. Hist., ser. 3, vol. xv. p. 122. 
Localities.—* Lightning” Expedition : 
Off Valentia. Depth and conditions not stated. 
“ Porcupine” Expedition : 
Station 8. Off the west coast of Ireland. Lat. 53° 15’ N., long. 11° 51’ W. Depth 
106 fathoms, Bottom temperature 10°°7 C.; surface temperature 12°°3 C. 
Several specimens without record of locality or depth. 
“ Knight Errant” Expedition : 
Station 3. Off the Island of North Rona, August 3 and 4, 1880. Lat. 59° 12’ N., 
long. 5° 57’ W. Depth 58 fathoms. 


2. Porania antarctica, Smith (Pl. LIX. fig. 3). 


Porania antarctica, Smith, 1876, Ann. and Mag. Nat. Hist., ser. 4, vol. xvii. p. 108; Phil. Trans., 
Zool. Kerguelen Island, &c., 1879, vol. clxviii. p. 275, pl. xvii. fig. 1. 

Localities.—Station 145. Off Marion Island. Depth 50 fathoms. 

Station 145a. Off Prince Edward Island. Depth 85 to 150 fathoms. 

Station 147. West of the Crozet Islands. December 30, 1873. Lat. 46° 16’ 0” S., 
long. 48° 27’ 0” E. Depth 1600 fathoms. Diatom ooze. Bottom temperature 34°°2 
Fahr. ; surface temperature 41°°0 Fahr., 

Remarks.—A good series of this species was collected. The spiny character is present 
in all stages of growth. ‘The rays are longer and more pronounced than indicated in the 
original figure. There is an example from the great depth of 1600 fathoms, in which I 
fail to find any difference worthy of note. The rays are well pronounced and narrow at 
the base, and the marginal spinelets are relatively longer than in the shallower water 
forms. The inner or furrow spines on the adambulacral plates are remarkable for being 
strongly channelled on the outer side, and appearing at first sight like two spines closely 
pressed together, especially at the base. 


3. Porania glaber, n. sp. (Pl. LIX. figs. 1 and 2). 

Rays five R=91 to 97 mm.,r=35mm. R> 2-757. 

Marginal contour stellato-pentagonal. Disk large. Rays moderately produced, sub 
cylindrical towards the extremity, and tapering to a point; in their present position more 
or less recurved over the disk. Interbrachial arcs wide and rounded. Abactinal surface 
convex, high and tumid when inflated. The lateral wall in the interbrachial are may be 
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tumid, or slope slightly at a high angle to the margin, in other words, nearly vertical. 
Actinal surface nearly plane, the intermediate areas slightly tumid between the ambulacral 
furrows and the margin. Seen on the actinal side, the comparatively great length of the 
rays for this genus is especially noticeable. The whole surface of the starfish is covered 
with a thick leathery investing membrane. No spines or tubercles of any kind are present 
on the abactinal surface. 

The marginal plates bear a single, short, flat, truncate spinelet, and occasionally two 
are present. These are directed horizontally. Marginal spines are not present on the 
outer part of the ray, and extend only a short distance beyond the disk proper. 

The armature of the adambulacral plates consists of two spines,—one on the furrow 
margin, which is robust at the base and tapers to a point; the other on the actinal 
surface of the plate, which is rather longer and much larger than the furrow spine, is 
flat, abruptly truncate at the tip, and often fimbriate there, also often more or less gouge- 
shaped, with the groove on the outer side. Occasionally a supplementary outer spine is 
present on the median or outer part of the furrow. 

On the actinal surface the membrane is traversed by channels which run from the 
adambulacral plates to the margin; the marginal spines appearing as if placed one at the 
end of each band thus marked off by the furrow-like channels. 

The madreporiform body, which is rather large and suboval, is situated approximately 
midway between the centre of the disk and the margin. The strize upon its surface have 
the appearance of more than usual regularity in their centrifugal radiation. 

Papule numerous and generally distributed on the abactinal surface, excepting in the 
median interradial areas, and perhaps also, but less distinctly, on the median radial line 
of the rays. 

The anal aperture is subcentral and closed by numerous comparatively robust papillae. 

The ambulacral tube-feet are quadriserial in the median portion of the ambulacral 
furrow. 

Colour in alcohol, a yellowish white, often with a more or less brown shade. 

Localities.—Station 149. Off Cape Maclear, Kerguelen Island. January 21, 1874. 
Depth 30 fathoms. 

Station 149m. Off Cumberland Bay, Kerguelen Island. January 29,1874. Depth 
127 fathoms. Surface temperature 39°°8. 

Remarks.—This form is very nearly allied to Porania antarctica, but is distinguished 
by the total absence of any spines or tubercles whatever on the abactinal surface. The 
rays are broad at their base, and less pronounced where they spring from the disk, having in 
consequence less trace of any interradial constriction or depression. No marginal spines 
are present on the outer part of the ray of Porania glaber, whereas they are continuous to 
the extremity in Porania antarctica. The disproportion in length between the inner and 


outer spine on the adambulacral plates is not so great in Porania glaber as in Porama 
(ZOOL. CHALL. EXP.—PART LI.—1888.) 46 
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antarctica. Although the two species are scarcely distinguishable when viewed on the 
actinal surface, the difference between them in their abactinal aspect is most striking. 

I felt at first sight disposed to rank this form as only a variety of Porama antarctica, 
but from the fact that the examples of Porania glaber are of large size and all identical 
in character, also that a large series of specimens of Porania antarctica were collected 
ranging from those very young up to those equal in size to the examples of Porama 
glaber, and that all these maintain their characters without exception, I am inclined to 
consider the differences above noted as worthy of specific recognition. 


4, Porania spiculata, n, sp. (Pl. LIX. fig. 4). 


This form is very nearly allied to Porania glaber, with which it agrees in all the 
general points of structure. The chief difference is that in the present species the whole of 
the abactinal membrane is furnished with small, widely spaced, spicule-like spinelets, which 
are buried in the membrane, and are only to be seen with the aid of a magnifying-glass. 

None of the examples attain the size of the adult Porania glaber. It is also to 
be noticed that the disk is large, and that the rays appear to proceed more abruptly from 
it; the abactinal surface is less convex, and incapable of the great inflation seen in 
Porania glaber ; the marginal spines are relatively smaller, and have a tendency to be 
directed downward rather than horizontally ; the outer series of spines on the adam- 
bulacral plates are robust and chisel-shaped, and do not appear to be normally more than 
one-third longer than the inner series, often not so much. On the median and outer part 
of the furrow supplemental outer spines are very frequently present, and being situated 
obliquely in relation to the normal outer spine, which they resemble in all respects, the 
appearance is produced of an oblique series of three spinelets on a plate. On the outer 
part of the ray this occurs on nearly every plate, and is probably normal. 

Although these differences are not very striking superficially, I have been led to con- 
sider them worthy of specific recognition, after a careful study of the series of specimens 
belonging to this form together with those of Porania glaber and Porania antarctica. 
If the correctness of this view be not admitted, Porania glaber and Porama spiculata 
would have to be ranked as varieties of Porania antarctica, a course which in my opinion 
would demand an amount of elasticity within the scope of a species scarcely justifiable in 
our present knowledge of this genus. 

I can detect no differences worthy of note between the example from the Arrou Islands 
and those from off Heard Island. One would almost feel disposed to entertain some doubt as 
to the accuracy of the label of the specimen from the Arrou Islands, but I have no reason to 
give for this suspicion excepting the presence of the species under notice in such a locality. 

The colour in alcohol is a brownish grey, with traces of a dark purple tint on the 
largest examples, which was probably the normal colour during life. 
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Localities.—Station 150. Between Kerguelen Island and Heard Island. February 2, 
1874. Lat. 52° 4’ 0” S., long. 71° 22’ 0” KE. Depth 150 fathoms. Coarse gravel. Bottom 
temperature 35°°2 Fahr. ; surface temperature 37°°5 Fahr. 

Station 151. Off Heard Island. February 7, 1874. Lat. 52° 59’ 30”S., long. 73° 
33’ 30” E. Depth 75 fathoms. Volcanic mud. Surface temperature 36°:2 Fahr. 

Station 191. Off the Arrou Islands. September 23, 1874. Lat. 5° 41’ 0” S., long. 
134° 4’ 30” E. Depth 800 fathoms. Green mud. Bottom temperature 39°5 Fahr. ; 
surface temperature 82°°2 Fahr. 


5. Porania magellanica, Studer (Pl. LIX. fig. 5). 


Porania magellanica, Studer, 1876, Monatsber. d. k. preuss. Akad. d. Wiss. Berlin, July, p. 459. 

? Porania patagonica, Perrier, 1878, Nouv. Archives Mus. Hist. Nat., 2e Série, t. i. pp. 27, 50, 85. 

Porania magelhaenica, Studer, 1884, Anhang z, d. Abhandl. d. k. preuss. Akad, d. Wiss. Berlin, 
vom Jahre 1884, p. 42. 


Locality.—Station 304. South of Port Otway, Gulf of Pefias. December 31, 1875. 
Lat. 46° 53’ 15” &., long. 75° 12’ 0” W. Depth 45 fathoms. Green sand. Surface 
temperature 57°°2 Fahr. 

Remarks.—Examples of a form which I refer to this species were collected off the 
western coast of Patagonia. Structurally these specimens are nearly allied to Porania 
antarctica, but the general facies is distinctly different. They accord closely in every 
respect with the description of Porania magellanica, but as I have not had an opportunity 
of examining the types of that species, and as Professor Studer’s diagnosis is somewhat 
short and insufficient for this difficult genus, I sent a drawing to him of one of the 
Challenger specimens, and immediately received the reply that he had no doubt whatever 
as to the species being Porania magellanica. 

Through the kindness of Professor Perrier I had the good fortune to see a specimen 
from the Strait of Magellan to which he has given the name of Porania patagonica (but 
of which no description is yet published). So far as I can judge from the brief notes 
made at the time, and without actually comparing specimens side by side, I believe this to 
be the same form. Studer’ has also expressed a similar opinion. A number of the 
marginal plates within the disk area in the Challenger specimens may bear two spinelets, 
equal in size, and placed side by side or slightly obliquely, and often appearing like one 
split into two; and in a large specimen two or three plates at the. summit of the inter- 
brachial are may have as many as three. The character appears ‘to be constant in the 
examples collected by the Challenger, and Professor Studer informs me that a similar 
doubling of the lateral spines occurred in his examples from the Strait of Magellan 
(Tuesday Harbour). 


1 Anhang z. d. Abhandl. d. k. preuss. Akad. d. Wiss. Berlin, vom Jahre 1884, p. 42. 
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Genus Marginaster, Perrier. 


Marginaster, Perrier, Bull. Mus. Comp. Zoél. Harvard, 1881, vol. ix. No. 1, p. 16; Nouv. Archives Mus. Hist. 
Nat., 2e Série, 1884, t. vi. p. 229. 

Two species bearing this generic name were described by Perrier in 1881, and a third 
species was added by the same author' in the following year. A short diagnosis of the 
genus was first given in 1884, The descriptions of these interesting forms are unfortunately 
so brief and general that although two of the species are figured,” I feel some doubt as to 
whether all the three belong to one genus, and I have been unable to form any clear view 
as to the scope of the genus. It is, therefore, not without some hesitation that I now 
venture to describe a small starfish dredged during the “ Porcupine” Expedition as a new 
species of Marginaster, but its characters appear to me to accord so closely with those 
mentioned as presented by Marginaster pectinatus, Perrier (which I presume may be 
considered as the type of the genus), that I prefer to take this course rather than burden 
nomenclature with what might ultimately prove to be a superfluous genericname. Under 
these circumstances it would be premature and injudicious in me to endeavour to formu- 
late a more complete diagnosis of the genus, on the basis of the form which I have 
studied, until fuller information on the previously described species is available. 


Chorology of the Genus Marginaster. 
a, Geographical distribution :— 
ATLANTIC: Four species between the parallels of 10° and 60° N. 
Marginaster pectinatus, in the Gulf of Mexico, off the coast of 

Yucatan. Marginaster echinulatus, off Barbados. Marginaster penta- 
gonus, “ Talisman” dredging No. 37. Marginaster fimbriatus, between 
the north of Ireland and Rockall. 

6. Bathymetrical range: 69 to 1360 fathoms. 

y. Nature of the Sea-bottom: Not recorded. 


Chorological Synopsis of the Species. 


Ocean. Range in Fathoms. Nature of the Sea-bottom. 
Marginaster echinulatus . Atlantic. 69 
Marginaster finbriatus . Atlantic. 1360 see vee 
Marginaster pentagonus . Atlantic. 218 sic “ioe | 
Marignaster pectinatus . Atlantic. 95 see 06 | 


1 Rapport sur les Travaux de la Commission chargée par M. le Ministre de l’Instruction publique d’etudier 
la Faune sous-marine dans les grandes profondeurs de la Méditerranée et de YOcean Atlantique, par M. 
Alphonse Milne-Edwards, Membre de l'Institut. (Extrait des Archives des Missions scientifiques et littéraires. 
Troisiéme série. —Tome neuvitme, Paris, 1882, p. 51.) 

2 Nouv. Archives Mus. Hist. Nat., 2e Série, 1884, t. vi. pl. i. 
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1. Marginaster fimbriatus, n. sp. (PI. LVIII. figs. 4-6). 


Rays five. R=6 mm.; r=5 mm., including the breadth of the marginal fringe. 


Thickness about 4°75 mm. at the apex. 


Marginal contour pentagonal, with the sides slightly incurved and the angles rounded. 
Abactinal area convex, definitely keeled along the median radial lines, and with the inter- 
mediate areas slightly hollowed. Actinal area slightly convex, with the intermediate 
areas slightly hollowed. Margin presenting a sharp thin edge, formed by the infero- 
marginal plates, which extend far beyond the supero-marginal plates. Both abactinal 
and actinal surfaces covered with thick membrane. 

The infero-marginal plates are ten in number on each side of the pentagon, or perhaps 
twelve if a small comb of spinelets at the radial extremity represents an independent 
plate. These plates, which are thin and lamelliform, are very large in proportion to the 
size of the test, are broader than long, and have their free margin curved outwardly and 
furnished with a comb of five or occasionally six short, flattened, roundly pointed, sub- 
equal spinelets, which radiate slightly apart, the base line of the series occupying the 
whole of the curved free margin. The posture of the fans or combs of marginal spinelets 
is consequently horizontal. On the abactinal surface of the plate is a row of four or five 
granules, parallel to the margin, and sometimes one, two, or more supplementary granules 
irregularly placed. The actinal surface of the plate is covered with membrane and bears 
no granules or spines. 

The supero-marginal plates are entirely hidden by the membrane which covers the 
whole abactinal surface ; they stand almost vertical and imbricate upon each other slightly 
at the abactinal or upper end, but are scooped out at the actinal end, so as to leave an 
interspace between each plate. These plates may bear a few conical robust granules 
irregularly placed. 

The ambulacral furrows are almost closed. The adambulacral plates are small. Their 
armature consists of two small, equal spinelets, standing side by side on the furrow margin 
and quite hidden in the furrow; and, on the actinal surface of the plate, two much larger, 
flattened, pointed, and thickly skin-covered spinelets, which are obliquely placed one 
behind the other; the innermost one of the pair is directed over the furrow and almost 
touches or interlocks with the corresponding spine on the opposite side of the furrow, and 
the outer spine is also directed towards the furrow but is less inclined. Seen superficially 
the adambulacral armature appears to form two longitudinal and alternating series of 
spines on each side of the furrow, the innermost or marginal series being at first sight 
unnoticeable. 

The whole actinal area is covered with membrane and is traversed by indications of 
faint channels passing from the marginal plates to the ambulacral furrow. The actinal 
intermediate plates are entirely hidden by membrane, but appear to be comparatively 
large. The plates adjacent to the marginal plates bear normally a small conical papilliform 
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spinelet, the membrane mounting the base and causing it to appear very robust and broad. 
There is thus a series of spinelets running parallel to the margin. One or two plates on 
the inner part of the area bear a similar spine, but only one appears to be regular in 
occurrence, and that is situated near the apex of the area. 

The abactinal area is covered with thick membrane, and although the individual plates 
are indistinguishable, many of them appear to be comparatively large. They bear groups 
of small, equal, robust, papilliform granules, scarcely worthy of being called spines; and 
these groups have an isolated appearance. Comparatively large, isolated, single papule, 
widely spaced, are distributed over the surface, excepting a narrow area along the median 
radial and the median interradial lines; along the outer part of the latter is a faint 
channel. 

The madreporiform body, which is small and circular, is situated about midway 
between the centre of the disk and the margin. 

The anal aperture, which is large and conspicuous, is margined by small papilliform 
spines. 

Colour in alcohol, bleached yellow, with a light brown shade in places. 

Locality. —* Porcupine” Expedition : 

Station 31. Between the north of Ireland and Rockall. Lat. 56° 15’ N., long. 11° 25’ 
W. Depth 1360 fathoms. Bottom temperature 2°°9 C.; surface temperature 13°°8 C. 

Remarks.—So far as I can judge from the short descriptions of the three’ species 
hitherto known, together with the figures of two of them, this form appears to me unques- 
tionably different from any of them. 

Marginaster fimbriatus differs from Marginaster pectinatus, Perrier, in having groups 
of granules on the abactinal plates; and in the absence of the comb of spinelets on the 
supero-marginal plates, which according to Perrier’s description are present in Marginaster 
pectinatus, and similar to those on the infero-marginal plates. The armature of the 
adambulacral plates is also different, and the lineal series of spinelets on the actinal inter- 
radial areas parallel to the margin are wanting in Marginaster pectinatus. 

Marginaster pentagonus, Perrier, differs in having the abactinal plates furnished with 
spines disposed in irregular ares on the margin of the plates; in the large number of 
spines which form the comb on the marginal plates (about ten); and in the armature of 
the adambulacral plates. 

Marginaster echinulatus, Perrier, differs in the stellate form; in the totally different 
character of the adambulacral armature; in the presence of two spines on each actinal 
intermediate plate; in having only a single row of papulze on each side of the median 
radial line ; and in the peculiar form of the plates which occupy the median radial line (as 
shown in the figure). 


1 Perhaps the starfish described by Gasco (Rendic. R. Acead. Sci. Fis. e. Mat. Napoli, 1876, Anno xv., 
fasc. 2, p. 9), under the name of Asferopsis capreensis, may ultimately prove to belong to this genus also. 
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Genus Rhegaster, Sladen. 
Rhegaster, Sladen, Trans. Roy. Soc. Edin. 1883, vol. xxxii. p. 155. 


Marginal contour subpentagonal; rays slightly produced. Abactinal surface more or 
less convex, actinal flat. The whole body covered with membrane beset with crowded 
spinelets. 

Abactinal skeleton composed of irregular plates, crowded and subimbricated in places, 
which leave small irregularly disposed meshes. The whole skeleton hidden in a thick 
membrane, and furnished with a compact covering of small, uniform, crowded spinelets. 
Papulze small, numerous, isolated, irregularly distributed over the whole area. 

Infero-marginal plates large, forming the margin of the test. Supero-marginal plates, 
superficially invisible, concealed in the abactinal membrane. 

Actinal interradial areas with large subrecular plates, hidden by a superficial mem- 
brane, with small crowded spinelets. 

Adambulacral plates broader than long. Adambulacral armature consisting of short 
spines thickly invested with membrane, which form a regular furrow series, and several 
subregular longitudinal rows externally. Tube-feet in simple pairs, with a small sucker 
disk. 

Madreporiform body small, midway between the margin and the apex. 

No pedicellarize. 

Remarks.—This genus was established for the reception of a starfish dredged during the 
“Triton” cruise ; and I have also referred to it the form which was named by Stuxberg * 
Solaster tumidus, but which was afterwards ranked as an Asterina by Danielssen and 
Koren.” 

Through the kindness of Professor Lovén, I have had the privilege of examining Dr 
Stuxberg’s type specimens in Stockholm, and I entirely agree with Drs Danielssen and 
Koren in regarding the original reference of the form to Solaster as altogether untenable. 


Chorology of the Genus Rhegaster, 
a, Geographical distribution :— 
ATLANTIC: Two species between the parallels of 60° and 85° N, 
Rhegaster tumidus off Nova Zembla, Spitzbergen, the coasts of 
Norway and Siberia. A variety (twberculata) has been described by 
Danielssen and Koren which occurs between Norway and Spitzbergen. 
Rhegaster murrayi in the Faerée Channel, 


1 Ofversigt K. Svensk. Vet.-Akad. Forhandl., Arg. 35, 1878 (1879), No. 3, p. 31, pl. vi. 
2 Nyt Mag. f. Naturvidensk., Bd. xxvi. Hft. 2, p. 182, pls. i. & ii. figs. 6-10. 
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B. Bathymetrical range: 5 to 658 fathoms. 


y. Nature of the Sea-bottom: Rhegaster tunudus occurs on Clay, Blue clay, and 


Hard ground. The bottom inhabited by Rhegaster murray: is not recorded. 


Chorological Synopsis of the Species. 


Ocean. Range in Fathoms. Nature of the Sea-bottom. 
Rhegaster murrayt . : Atlantic. 285 to 433 
Rhegaster tumidus . ‘ Atlantic. 5 to 658 Clay, Blue clay, Stony ground. 


1. Rhegaster murrayi, Sladen. 
Rhegaster Murrayi, Sladen, 1883, Trans. Roy. Soc. Edin., vol. xxxii. p. 156, pl. xxvi. figs. 2-7. 


Marginal contour subpentagonal ; rays slightly produced ; the minor radius in the pro- 
portion of 77 per cent., oras 5:6°5. R=14'3 mm.; r=11 mm. 

Interbrachial ares somewhat indented at the median interradial line, from whence the 
contour curves outward faintly, consequent on a slightly tumid swelling at the base of the 
ray, and is then gracefully incurved towards the tip, which is obtuse and rounded. Abac- 
tinal area high and convex over the disk, sloping down regularly to the extremity of the 
rays, the height at the centre of the disk being 11°75 mm. A feeble sulcus or depression 
is present on the outer part of the median interradial line, which emphasises the tumid 
character of the base of the rays. Actinal surface more or less flat, excepting that the 
rays are slightly turned up at their extremity, and that a rather sharp depression occurs 
in the interradial areas along the inner part of the median interradial line, behind the 
mouth-plates. 

The abactinal area is covered with short delicate spinelets, all of uniform length and 
size, their lower portion being apparently sunken in membrane. ‘The spinelets stand 
perpendicularly, and are closely placed, presenting to the naked eye the appearance of a fine 
and uniformly granular surface. When magnified the spines are seen to be slightly 
expanded or flaring outwardly, and to be composed of many rods or lamelle, with the 
extremity of each individual lamella terminating in a short thorn-like point. This spinous 
abactinal area is punctured with numerous small but conspicuous pores, which are 
irregularly distributed at small but unequal distances apart over the whole area, except- 
ing the extremities of the rays and a narrow band along the median interradial 
line; towards the margin the apertures are smaller, wider apart, and less frequent. 
Through these apertures the papule are protruded, and under magnification a small 
but definite circlet of the abactinal membrane surrounding the puncture of the papula, 
and unencroached upon by spinelets, may be seen. No grouping of the abactinal 
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spinelets occurs, which in any way indicates the outlines of the underlying plates of the 
abactinal floor; and the only break in this perfectly uniform covering consists of a 
number of most minute channel-lines which run irregularly here and there amongst the 
spinelets, the only one of these maintained with any regularity being a long straight 
channel, similar in breadth to all the others, extending along the median interradial line. 
The anal aperture is subcentral and distinct, and is surrounded by shghtly larger spinelets. 
The madreporiform body is very small, round, and with numerous strie. It is situated 
rather nearer to the margin than midway to the centre of the disk, and the surrounding 
portion of the test is slightly prominent. 

The actinal interradial areas are extensive, and have their outer margin conspicuously 
festooned by the infero-marginal plates. 

The infero-marginal plates are eight or nine in number, counting from the median 
interradial line to the extremity of the ray; their outer margin has a rounded 
contour and bears a group of eight to twelve spinelets, rather larger and more robust than 
those of the abactinal area above described. The plates are entirely covered with spine- 
lets—the part which falls in the side of the ray with spinelets similar to those on the 
abactinal area, and the actinal portion with spines similar to those on the actinal area. 
When the starfish is viewed in profile, the marginal plates are seen to be clearly marked 
out by vertical furrows as well as by their prominent tumidity ; but the junction of the 
infero-marginal plates with the supero-marginal plates, or indeed the presence of these 
latter at all, is indiscernible to superficial observation. Seen on the actinal side the 
marginal plates are clearly defined by well-marked channels or furrows, which run in 
oblique lines from the margin up to the adambulacral plates. The furrows are almost 
regularly parallel, hence the areas or columns they define are of nearly uniform breadth 
throughout. Consequent on their oblique direction a triangular space occurs in the 
median interradial line in the outer portion of the area, which is not conformable to the 
arrangement above described, the channels which traverse it converging towards the apex 
of the triangular space, a short distance removed from the margin of the disk. 

The whole actinal area is covered with small, almost spicular, spinelets which are 
short, sharply pointed, and with their bases buried in membrane. ‘The spinelets are all 
nearly uniform in size, rather widely spaced, and are directed outward, almost horizontally, 
the angle at which they stand to the actinal surface being very small. 

The ambulacral furrows are narrow and almost uniform in breadth throughout. ‘The 
adambulacral plates are broader than long. ‘Their armature consists of from five to eight 
spines, which form (1.) a regular inner or furrow series which arches over and almost conceals 
the ambulacral tube-feet ; and (2.) three subregular outer rows more or less clearly defined. 
The following is the arrangement of the spinelets on the plates. Of the inner or furrow 
series there are two spines on each plate, which stand side by side and slightly oblique, 
especially towards the end of the ray. These two spines are regular throughout the ray 
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and are of equal size, short, compressed, lanceolate, tapering to a sharp point, and invested 
with membrane, which adds to the apparent breadth of their base. The outer spines on 
the actinal surface of the plate are subject to a considerable amount of variation, both in 
number and position, ‘Three only may be present, each placed behind the other, external 
to the furrow spines, forming a transverse series on the adambulacral plate; or one, two, 
or even all three, of these spines may be reduplified—the companion spine usually stand- 
ing rather oblique. These variations do not appear to be dependent on position in the 
ray but may occur in any part. All the outer spines on the actinal surface of the plate 
are of uniform size, eylindro-conical in shape, rather obtusely pointed, and covered with 
membrane, 

The mouth-plates form a triangular mouth-angle, not prominent or protuberant super- 
ficially, and perfectly conformable with the triangular outline of the interradial area, The 
mouth-aperture is completely closed, and the arrangement of the armature of the mouth- 
plates is suggestive of that in certain Pentagonasteridw, The mouth-spines are short, 
robust, and stand perpendicularly, One odd spine is placed at the extreme angle, at the 
junction of the two plates of a mouth-angle, and five similar spines, all closely placed, 
occupy the free or furrow margin of the plate, decreasing in size as they recede from the 
mouth ; the odd spine being the largest, the next three slightly smaller, and the two outer 
ones much smaller, All the spines are cylindrical, slightly tapering, and obtusely rounded 
at the tip. Upon the surface of the plates, and on a line with the two small outer mouth- 
spines, stand two short secondary or superficial mouth-spines, one on each plate, very 
robust at the base, conical and pointed; and further outward again a second but much 
smaller spine behind each of the secondary mouth-spines ; this small pair perhaps belong- 
ing to the adambulacral plate adjacent to the mouth-plates, A single minute spinelet, 
situate on the median or sutural line of the mouth-plates, stands midway between each 
of the pairs of secondary mouth-spines; and no other spines of any description are pre- 
sent on the mouth-plates. 

Remarks. —The form above described is nearly allied to Rhegaster tumidus, Stuxberg, 
sp. ‘The following appear to be the chief points of difference. The length of the ray is 
much less in Rhegaster murrayi, the radial proportions being for Rhegaster murrayi, 
R= 13 r, and for Rhegaster tumidus, R=1°9 rv, in specimens of the same size. ‘The rays 
are consequently much less defined, and are more widely expanded at the base. In 
Khegaster murrayi the marginal contour is distinctly festooned by the infero-marginal 
plates, and each of these bears a croup of enlarged spinelets, neither of the characters 
being present in Rhegaster tumidus. The spines of the adambulacral armature appear 
to be more numerous in Rhegaster murrayt, the armature of the mouth-plates somewhat 
different, the papula more numerously distributed on the abactinal surface, and the character 
of the spinelets, both on the abactinal and actinal areas, more simple. 

Locality. —* Triton” Expedition : 
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Station 5. In the Faerée Channel. August 10, 1882. Lat. 60° 11’ to 60° 20’ N., 
long. 8° 15’ to 8° 8’ W. Depth 433 to 285 fathoms, Bottom temperature 43°°5 to 40°'8 
Fahr. 


Genus Lasiaster, n, gen, 


Marginal contour stellato-pentagonal or pentagonal. Abactinal surface subplane, or 
may be slightly inflated. 

Abactinal plates subcircular, covered with membrane, bearing numerous small miliary 
spinelets which are more or less co-ordinated in relation to the plates. Papuls large, iso- 
lated, widely separate, and irregularly distributed over the whole area, 

Supero-marginal plates well developed and superficially visible, covered with numerous 
small, miliary spinelets. 

Infero-marginal plates large, also covered with numerous miliary spinelets, of which 
a larger series may be developed at the ambital margin, 

Actinal interradial areas with large regularly arranged intermediate plates, more or 
less hiaden by a superficial membrane and bearing groups of spinelets. 

Adambulacral armature consisting of (1), a short furrow series of two or three spine- 
lets ; and (2), a transverse series on the actinal surface of the plate, Or the whole arma- 
ture may be disposed as a single transverse series. 

Madreporiform body small, approximately midway between the centre and the margin. 

Anal aperture present, subcentral. 

No pedicellaria. 

Remarks.—This genus is established for the reception of a small form dredged 
during the “ Porcupine” Expedition, which I am unable to place in any of the known 
genera, Its nearest alliances appear to be with Rhegaster and Poraniomorpha, and 1 
have accordingly included it in the family Gymnasteriide, although in many respects an 
extreme form, 

Lasiaster differs from Rhegaster and Poraniomorpha in the character and develop- 
ment of the supero-marginal plates, which are well-developed, conspicuous, and subequal 
to the infero-marginal plates, the two series forming a thick margin in contradistinction to 
the angular margin formed only by the infero-marginal plates in the two forms named, The 
abactinal, marginal, and actinal intermediate plates all bear isolated groups of spinelets. 
These characters might lead at first sight to the impression that the starfish under 
notice is an aberrant member of the Pentagonasteridx, but I only regard the resemblance 
as superficial. 

Although I have never seen any examples of the starfish described by Sars’ under the 
name of Gomaster hispidus, 1 am led to believe from the careful description and drawings 
given by that author that his form should be referred also to the present genus. 


‘ Fauna Littoralis Norvegiw, 3die Hefte, 1877, p. 72, pl. viii., figs. 24 and 25, 
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Chorology of the Genus Lasiaster. 
a. Geographical distribution :— 
ArLantic : Two species between the parallels of 58° and 75° N. 
Lasiaster hispidus, off the Lofoten Islands, and between Spitz- 


bergen and the Scandinavian Coast. Lasvaster villosus, from the 
Faerde Channel. 


8. Bathymetrical range: 107 to 542 fathoms. 
Lasiaster hispidus does not extend below the Continental zone ; whereas 
Lasiaster villosus has only been found in the Abyssal zone, at least so far 
as at present known. 


y. Nature of the Sea-bottom: Lasiaster hispidus was dredged on Greenish clay, 
Stones, and Clay, during the Norwegian North Atlantic Expedition. The 
nature of the ground inhabited by Lasiaster villosus is not recorded. 


Chorological Synopsis of the Species. 


| Ocean, Range in Fathoms. Nature of the Sea-bottom. 


Lasiaster hispidus . 5 Atlantic. 107 to 300 Greenish Clay, Stones and Clay. 
Lasiaster villosus . ‘ Atlantic. 542 


1. Lasiaster villosus, n. sp. (Pl. LVIII. figs. 7-10). 


Rays five R= 105 mm.; r=6mm. R=175,r. Breadth of a ray between the 
first and second infero-marginal plates, 5°25 mm. 

Marginal contour stellato-pentagonal. Rays broad at the base and tapering gradually 
to the extremity, the interbrachial arcs being subacute. Abactinal area subplane or very 
slightly convex, with a faint indication of carination along the median radial line. Actinal 
area plane or slightly convex, the latter character probably dependent on the posture of 
the rays. Margin rather thick. 

The abactinal area is covered with small subcircular or oval plates imbedded in 
membrane, on which are borne numerous small, cylindrical, equal, cilia-like spinelets, 
which have the appearance superficially of being indistinctly separated into confluent 
groups or tufts. Large, single, isolated papulz are distributed at wide intervals apart 
over the area. There is a distinct narrow channel along each median interradial line. 
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The supero-marginal plates, which are nine or ten in number, counting from the 
median interradial line to the extremity, alternate more or less with the inferior series. 
They are covered with spinelets exactly similar to those on the abactinal plates, which 
present a more or less tufted character, and thus define the separate plates. These plates 
are vertical in the lateral wall, and are rounded on the abactinal surface, to which they 
form a distinct margin when the starfish is viewed from above. 

The infero-marginal plates, which are nine or ten in number counting from the median 
interradial line to the extremity, are large and distinct, their height in the vertical lateral 
wall being nearly equal to, or even slightly greater than, their breadth on the actinal 
surface. They are covered with spines similar to those above described, but which are 
larger, longer, and more robust at the junction of the lateral and actinal areas of the plate, 
thus forming a slightly more prominent tuft at the actinal margin of the test. On the 
actinal area of the plate the spinelets are more widely spaced than elsewhere. The infero- 
marginal plates are separated on the actinal surface by distinct channels. 

The adambulacral plates are broader than long ; their armature consists of :—(1.) Two 
spines on the furrow margin, which stand side by side, are slightly divergent, and directed 
over the furrow, but become oblique on the outer part of the ray and finally stand one 
behind the other in series with the actinal spines about to be described ; these spinelets 
are short, equal, tapering, and covered with membrane which is thick at the base. (2.) On 
the actinal surface of the plate is a transverse series of three short, robust, skin-covered 
spinelets, which radiate slightly apart in the plane of the direction of the series: these 
spinelets may be subequal or the outermost may be rather smaller, or one of the other two 
rather larger than the companion spinelets. 

The mouth-plates are small and have a marginal series of five mouth-spines on each 
plate, the innermost two of which are a little larger than the rest. On the actinal surface 
of each plate is a secondary series of two or three spines, two being large and regular. 

The actinal interradial areas are occupied by regularly arranged intermediate plates, 
the innermost series extending far along the ray. The plates bear numerous, small, taper- 
ing spinelets which have a tufted appearance in their disposition ; and one or two of the 
central spinelets in a group may be a little larger and more robust than the others. The 
tufts or groups are well spaced. The plates are indicated only by the tufts of spinelets, 
their outline being indistinguishable in consequence of the thick investing membrane 
under which the plates are hidden. 

The madreporiform body, which is small and circular, is situated rather nearer the 
centre of the disk than midway between that point and the margin. 

The anal aperture is subcentral or slightly excentric, and, being surrounded by spinelets, 
is only distinguishable with difficulty. 

The ambulacral tube-feet have sucker disks. 

Colour in alcohol, a bleached yellowish white. 
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Locality.—“ Porcupine” Expedition : 

Station 474. 1869. In the Faerée Channel. Lat. 59° 34’ N., long. 7° 18’ W. Depth 
542 fathoms. Bottom temperature 6°°5 C.; surface temperature 12°:2 C. 

Remarks.—I have expressed the opinion on a preceding page that Goniaster hispi- 
dus, Sars, is congeneric with the present starfish. I have, however, never seen an example 
of Goniaster hispidus, but so far as I can judge from the admirable description and figures 
given by Sars, Lasiaster villosus differs from that form by the definitely prolonged rays, 
by the absence of the marginal fringe of spines on the infero-marginal plates, by the 
actinal intermediate plates bearing a group of spines instead of arc-formed series of spines, 
and by the different character of the adambulacral armature, which in Lasvaster villosus 
consists of a pair of spinelets on the furrow margin of the plate and a transverse series of 
three on the actinal surface, whereas in Lasiaster hispidus the armature is described as 
forming a transverse series only. It is to be remarked that an approximation to this 
arrangement occurs at the extremity of the ray of Lasiaster villosus, from which it may be 
inferred to be a juvenile character. 

From its small size the type-example of Lasiaster hispidus is probably an immature 
specimen, but from the differences above mentioned I do not suppose that it belongs to the 
same species as the form under notice. Danielssen and Koren’ state that large examples 
of Lasiaster hispidus (one measuring 72 mm, in diameter) have been dredged in the 
Drontheim Fjord by Mr Storm, but no details are given. The Goniaster hispidus of Sars 
was referred by Perrier*® to the genus Pentagonaster (and placed in the subgenus Astro- 
gonium), an opinion with which I am unable to agree. 


Family AsTERINID& (Gray, 1840), emend. Perrier, 1875. 


This family appears superficially to hold an intermediate position in many respects 
between the Phanerozonia and Cryptozonia. The marginal plates in the genera Asterina 
and Palmipes, although exceedingly small, essentially define the ambitus in a conspicuous 
manner; in other members of the family, however, they are large and superficially 
Phanerozonid in their character. This circumstance, taken in conjunction with the strictly 
limited abactinal distribution of the papulz, and the nature of the actinal plating, appear 
to me to justify the classification of the Asterinids under the Phanerozonia. Further- 
more, the alliance of some genera of the Asterinidz with the Gymnasteriide is unquestion- 
able, and their natural position would appear to be in sequence to the latter family. The 
general structure of the Asterinide, as a whole, supports these views. 

I am unable to agree with the classification of Dr Viguier,s who includes in the 
Den Norske-Nordhavs Expedition, 1876-1878, Zoologi, xi. Asteroidea, Christiania, 1884, p. 58. 


Nouv. Archives Mus. Hist. Nat., 1878, 2e Série, t. i. p. 84. 
Archives de Zool. expér., 1878, t. vii. p. 205. 
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Asterinidze the genera Porania, Dermasterias, and Asteropsis, which are now placed 
in the family Gymnasteriide. I maintain the composition of the family Asterinide as 
defined by Perrier? in 1875. 

In addition to the genera enumerated by him I have included Cycethra, a form since 
described, whose structural characters seem to me to place it amongst the Asterinide. 
I have also added in the following list another genus, Stegnaster (n. gen.), which seems to 
me necessary. The type of Stegnaster is the starfish described by Hutton” under the 
name of Pteraster inflatus, and subsequently placed under Palmipes by Perrier.’ I 
consider that the disposition of the papule, the membranous investment of the abactinal 
area (with the absence of the characteristic tufts of spines and the presence of granules), 
and the simple character of the armature of the adambulacral plates are sufficient to 
warrant the generic separation of this form from Palmipes. I also refer to the same 
genus Asterina wessel, though not without some hesitation, as the examples I have seen 
of that species appear to me to be immature forms. 

So far as I can judge from the description * and figure ® of Tremaster given by Verrill, 
I consider that the genus also belongs to this family, but from want of knowledge of its 
structure, I am unable to say whether its affinities are nearest to Palmipes or Asterina. 
No remark is made by the author as to the function of the extraordinary interradial 
apertures, and no suggestion is offered as to whether they are in relation with papular 
organs, or lead to a nidamental cavity. The circumstance of their opening on both the 
abactinal and actinal surfaces would seem to be at variance with such a supposition. 


Synopsis of the Genera included in the Fanily Astertwip&. 


A. Marginal plates large; and superficially phanerozonid in character. . GANERIINE, 
a, Spinelets on the abactinal plates spiniform, disposed in paxille-like 
groups. No differentiated median band; all the abactinal 
plates subsimilar. Marginal plates with a vertical group of 
spinelets. Actinal intermediate plates with small groups of 
spinelets . : = A 5 ° . . 3 : Cycethra. 
b. Spinelets on the abactinal plates small, often in arcuate series. A 
more or less distinctly defined band of slightly differently shaped 
plates along the median radial line. Marginal plates with a 
vertical single series of spines forming a sort of comb. Actinal 
intermediate plates with large spines (1-2) not forming a 
group . : ; A ; : : : ‘ : é r Ganeria. 


1 Révis. Stell. Mus., p. 28 (Archives de Zool. expér., 1875, t. iv. p. 292). 
2 Cat. Echin. New Zealand, 1872, p. 10. 

3 Révis. Stell. Mus., p. 291 (Archives de Zool. expér., 1876, t. v. p. 211). 

4 Proc. U.S. Nat. Mus., 1879, Nov., p. 201. 

5 Rep. Commiss. Fish and Fisheries for 1883, Washington, 1885, pl. xviii. fig. 51.- 
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B. Marginal plates equal to or smaller than the other plates. 
a, Papule distributed throughout the abactinal area. Abactinal plates 
thick, crescentiform, devoid of internal processes . 2 . ASTERININE. 
a. Abactinal plates not imbricated ; covered with spines. 3 { Patiria. 
b. Abactinal plates imbricated throughout the abactinal area, or 
only in definite regions. 
a. Rays cylindrical, more or less elongate. Disk small. 
With a definitely and sharply defined band of 
crescentiform plates along the median area of 
the rays. 7 4 : : c : ; ° Nepanthia. | 
8. Rays and body flat. Disk large. 
i, Abactinal plates more or less imbricated through- 
out, and bearing spinelets at the free edge, or 
covered with granules. All the abactinal 
plates subsimilar . : : < : Asterina. 
ii. Abactinal plates imbricating only near the 
margin, the others spaced apart ; covered with 
naked skin . : Fi . . : ; Disasterina. 
b. Papule confined to the radial regions, Abactinal plates in the median 
regions stellate. Abactinal plates thin, scale-like, with elongate 
internal prolongations . : : : r . PALMIPEDINE. 
a. Abactinal plates bearing tufts of epincloie No membrane or 
granules. Papule in a single row on each side of the 
median radial line . : : é 3 Palmipes. 
b. Abactinal plates covered with ci ratnate porns granules. 
No tufts of spines. Papule in several rows on each side 
of the median interradial line ‘ : : : ‘ . Stegnaster. 


Subfamily Ganertin.4, Sladen, 1888. 
Genus Cycethra, Bell. 
‘Cycethra, Bell, Proc. Zool. Soc. Lond, 1881, p. 96. 


This genus was established by Professor Jeffrey Bell for the reception of a starfish dis- 
covered by Dr Coppinger in Trinidad Channel during the surveying voyage of H.MLS. 
“Alert” in the Strait of Magellan and on the coast of Patagonia. The remarkable com- 
bination of characters presented by that form was noticed by Bell, and duly referred to 
in his description ; and the new species appear to fully bear out the “mixed” character of 
Cycethra as regards its morphological relationships. ‘The genus would seem to have a 
limited distribution, but appears to possess a considerable amount of specific plasticity 
within that area. Its alliance to the very local genus Ganeria is striking, and when the 
two forms are studied together, I think there will remain little doubt that Cycethra 


and Ganeria are near neighbours in the zoological scale as well as in geographical 
position. 
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Chorology of the Genus Cycethra. 


a. Geographical distribution :— 
Atuantic: Three species between the parallels of 45° and 55° 8, 
Cycethra pinguis and Cycethra nitida, off Cape Virgins, near the 
Atlantic entrance to the Strait of Magellan. Cycethra electilis, off 
the Falkland Islands. 
Pactric : One species between the parallels of 45° and 55° 8. 
Cycethra simplex, in the Trinidad Channel, west coast of Patagonia. 
B. Bathymetrical range: 12 to 55 fathoms. 
y. Nature of the Sea-bottom: All the species inhabit a sandy bottom. 


Chorological Synopsis of the Species. 


Ocean. Range in Fathoms. Nature of the Sea-bottom, 
Cycethra electilis . : Atlantic. | 12 Sand and gravel. 
Cycethra nitida . el Atlantic. 5d Sand, 
Cycethra pinguis . j Atlantic. 55 Sand. 
Cycethra simplex. ; Pacific. 30 Sand. 


1. Cycethra electilis, n. sp. (P]. LX. figs. 3 and 4; Pl. LXII. figs. 2 and 3). 


Rays five. R=40mm.; r=16 mm. R=2'5 7. Breadth of a ray between the third 
and fourth infero-marginal plates, 15 mm, 

Rays moderately produced and comparatively flat, broadest at the base, and tapering 
gradually therefrom to the extremity, which is rather broad and obtusely rounded. Disk 
capable of slight inflation, which may be emphasised by a faint depression in the median 
interradial line. Margin moderately thick and vertical. Interbrachial ares more or less 
rounded. Actinal surface plane. 

The abactinal area is covered with small plates which bear small paxilliform groups of 
spines. These are composed of from three to seven short, cylindrical, obtusely-rounded, 
equal spinelets, which are erect and covered with membrane, the latter forming a compact 
fleshy mass within the paxilla in which the spinelets are imbedded. Large and smaller 
paxillz are intermixed, but the difference in size is not conspicuous at first sight, and no 
order of arrangement is discernible ; they are distinctly spaced. Numerous papulz are 
present in the interspaces, sometimes two or three together. 

_The marginal plates are small and confined entirely to the margin, occupying the 

(ZOOL. CHALL. EXP.—PART LI.—1888.) 48 
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whole thickness of the lateral wall. The superior and inferior series alternate more or 
less distinctly. The plates, which are subequal and similar in size and character, bear a 
group of small equal-sized spinelets about twenty in number. The groups are well-spaced 
apart, the interspace being greater than the breadth of the group (7.e. length in relation to 
the ray), and they appear to have a vertical disposition, the height of the group being 
greater than the length. The spinelets are similar to those on the abactinal plates, and 
their bases are similarly imbedded in membrane. About twenty-five infero-marginal 
plates may be counted between the median interradial line and the extremity. 

The adambulacral plates are small, and their armature consists of two rather short, 
robust, subequal, slightly tapering spinelets placed on the furrow margin of the plate, and 
standing slightly oblique, the adoral spinelet being more inward. On the actinal surface 
of the plates is an oblique series of three obtuse, cylindrical, dumpy spinelets, shorter than 
the furrow series. On the inner half of the ray this series forms an angle of about 45° to 
the line of the furrow. On the outer part of the ray the adambulacral plates are very 
short, and there is only one spinelet on the furrow margin, and the spinelets on the 
actinal surface of the plate—here reduced to little more than papilliform granules—form 
with it a single transverse line. 

The mouth-plates are large, and their armature consists of five robust, subequal spines 
on the free margin of each plate. The actinal surface is plane and covered with mem- 
brane, and the only spines borne on this surface are a group of two or three placed far 
back near the outermost end of each plate. The marginal spinelets have a slight down- 
ward trend, which causes the united pairs of mouth-plates to have rather a scoop-shaped 
appearance. 

The actinal intermediate plates are small and regularly arranged, forming lines parallel 
to the furrow, and series which run obliquely from the adambulacral to the marginal 
plates. Hach plate bears three or four short, cylindrical, obtusely-rounded, equal, erect, 
papilliform spinelets, which are skin-covered and imbedded at the base, forming a 
definitely spaced little group, more or less paxilliform in appearance. Only the series 
adjacent to the adambulacral plates extends to the extremity of the ray. The other 
series terminate gradually along the ray: eight or nine groups may be counted at the 
median interradial line. 

The madreporiform body, which is large, circular, and more or less convex, is situated 
nearer the centre than midway between that point and the margin, and there are several 
larger groups of spines amongst those which surround it. 

The anal aperture is slightly excentric; there is no modification in the spine-groups 
around its periphery. 

The ambulacral tube-feet have well-defined sucker-disks. 

No pedicellarize are present. 


Colour in alcohol, a bleached yellowish white, with a slightly warm brownish shade. 
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Young Phase.—There is a young example (R=16'°5 mm.; r=7°5 mm.) which pre- 
sents so characteristically the structural features of the adult that it may be readily dis- 
tinguished from a young specimen of the-same size of Cycethra nitida. The abactinal 
paxillze at this age are distinctly spiniform and without the appearance of being imbedded, 
which is such a striking feature in the adult. 

Locality.—Station 315. Port Wilham, Falkland Islands. January 26, 1876. Lat. 
51° 40’ 0” S., long. 57° 50’ 0” W. Depth 12 fathoms. Sand, Gravel. Surface tempera- 
ture 50°°0 Fahr. 

Remarks.—This species presents many points of alliance to Cycethra simplex, Bell, 
but may be distinguished by the generally flatter form, by the greater breadth of the 
rays at the base, by the more obliquely placed pair of spinelets on the furrow margin of 
the adambulacral plates, and by the presence of the oblique series of three spines on the 
actinal surface of the plates, whereas in Cycethra simplex there are only two. 


2. Cycethra nitida, n. sp. (Pl. LXI. figs. 3 and 4; Pl. LXII. figs, 10 and 11). 


Rays five. R=53mm.; r=16 mm. R=3°3 r. Breadth of a ray between the fifth 
and sixth infero-marginal plates, 12 mm. ; midway along the ray, about 7°5 mm. 

Rays rather elongate and narrow, distinctly subeylindrical abactinally, and flat 
actinally. Disk slightly convex and capable of inflation. Lateral wall low and merged in 
the convexity of the rays and disk. Interbrachial arcs well rounded. Actinal area plane. 

The abactinal area is covered with small plates which bear compact groups of numerous 
spines, large and smaller groups interspersed and all closely crowded. The spinelets are 
short, robust, cylindrical, obtusely-rounded and subequal, and in the larger groups there 
may be as many as eighteen to twenty. The groups have a more or less rounded form, 
No order of arrangement is discernible. Papulze are present in the interspaces. 

The marginal plates are small and confined to the margin, where, however, they do 
not form a definite wall in consequence of the tumid convexity of the abactinal surface 
of the rays and disk. The superior and inferior series alternate. The plates, which are 
subequal and similar in character, bear a group of small, equal spinelets which are so 
short that they are little more than elongate granules. The plates, which are convex 
and subtubercular, are suboval in form, and their posture is somewhat oblique. In the 
interbrachial arcs, in consequence of the tumidity of the margin, the infero-marginal series 
is carried quite on the actinal surface, and the supero-marginal series forms the actual 
margin of the disk. There are about forty supero-marginal plates between the median 
interradial line and the extremity. 

The adambulacral plates are small, and their armature consists of a pair of short, 
robust, flattened, obtusely-tipped, equal spinelets on the furrow margin, which radiate 
slightly apart, and are directed over the furrow. On the actinal surface of the plate are 
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two or three pairs of much smaller papilliform spinelets, the outermost pair being very 
little larger than the spinelets on the actinal intermediate plates. Sometimes the dis- 
position of the spinelets on the actinal surface is slightly oblique. The character of the 
arrangement of the armature as described above extends to the extremity of the ray. 

The actinal intermediate plates are small and regularly arranged. ach plate bears 
a paxilliform group of five to eight spinelets, which are subequal in size and radiate 
slightly apart. The groups or paxilla are comparatively closely crowded, which gives 
a compact and well-filled character to the actinal interradial areas, 

The madreporiform body is scarcely visible: it appears to be normally hidden by the 
surrounding paxille. 

The anal aperture is rather large and slightly excentric in position. 

No pedicellariz are present. 

Colour in alcohol, a dirty ashy grey with a slightly yellowish tint. 

Young Phase.—There is a small example (R=16 mm., r=7°3 mm.) which accords 
so closely in general character, that I feel little doubt about its belonging to this species. 
The character of the abactinal paxille and the armature of the adambulacral plates are the 
same as in the adult form described above, and readily distinguish it from an equally 
young example of Cycethra electilis. It is to be remarked, however, that the rays in the 
young Cycethra nitida are much shorter, broader, and flatter than in the adult, recalling 
in these particulars the appearance of Cycethra electilis. 

This young example is interesting in having in two of the mouth-angles a lineal 
series of four or five spines on the outer part of the actinal surface of each of the mouth- 
plates ; the two series on a companion pair of mouth-plates are apposed to one another, 
and appear to form a pedicellaria-like organ, resembling to a certain degree those found 
in Pararchaster and some species of Pontaster. 

Locality.—Station 313. Off Cape Virgins, eastern coast of South America, near the 
Atlantic entrance to the Strait of Magellan. January 20, 1876. Lat. 52° 20’ 0” S., 
long. 67° 39’ 0” W. Depth 55 fathoms. Sand. Bottom temperature, 47°:8 Fahr. ; 
surface temperature, 48°°2 Fahr. 

Remarks.—This species is readily distinguished from Cycethra electilis by the longer, 
narrower, and semi-cylindrical rays, by the numerous and comparatively compactly 
grouped spinelets in the abactinal paxille, by the small marginal plates, by the different 
arrangement of the armature of the adambulacral plates, and by the closely packed spine- 
groups of the actinal interradial areas. The facies of the two forms is quite different. 


3. Cycethra pinguis, n. sp. (Pl. LXI. figs. 1 and 2; Pl. LXII. figs. 8 and 9). 


Rays five. R=100 mm.; r=33 mm. R=37r. Breadth of a ray between the sixth 
and seventh infero-marginal plates, 24 mm.; breadth about midway between the base 
and the extremity, 11°5 mm. 


REPORT ON THE ASTEROIDEA, 381 


Disk large, convex, and much inflated. Rays elongate, narrow, and more or less 
rounded cylindrically. Margin rather angular, the marginal plates being very incon- 
spicuous. Interbrachial ares wide and rounded. Actinal surface concave and deeply 
depressed within the disk (possibly this is either a mere body contraction, or may 
indicate the formation of a nursing cavity such as occurs in some forms of Asterias and 
Echinaster). The actinal surface of the rays is slightly convex. 

The abactinal area is covered with small irregularly disposed plates, which bear 
groups of from three to ten spinelets. The spinelets are short, subequal, papilliform, 
covered with membrane and imbedded at the base in a thick fleshy mass, the groups 
looking more like irregular echinulated masses than paxille. The form of the masses 
varies considerably, and elongate groups are not infrequent. Large and smaller groups 
are interspersed irrecularly, and all are widely spaced. In the interspaces are numerous 
large papulee, and groups of three to five may be counted. 

The marginal plates, which are very small and quite inconspicuous, are at first sight 
scarcely distinguishable from the actinal and abactinal plates on the median part of the 
ray, and much irreeularity occurs in their size. In the interbrachial arc and on the 
outer half of the ray they are more distinct; and the superior and inferior series are 
seen to alternate to a certain degree. The plates, which are subequal and similar in 
character, are covered with small papilliform granules, skin-covered and imbedded in 
membrane similar to those on the abactinal and actinal plates. More than fifty infero- 
marginal plates may be counted between the median interradial line and the extremity, 
but it is scarcely possible without dissection and preparation to count. the number 
accurately on account of their small size and the interference of intermediate plates on 
the middle part of the ray. 

The adambulacral plates are short, and their armature consists of :—(1.) A single large 
spine on the furrow margin, which is very robust and cylindrical at the base, but flattened 
and truncate at the tip like a chisel in the direction transverse to the axis of the ray. 
These spines are thickly covered with membrane. On the ten or twelve plates near the 
mouth there are two spines on the furrow margin, very obliquely placed, the adoral one of 
the pair being pushed far back. (2.) On the actinal surface of the plates is a lineal series 
of three short, subequal, skin-covered, papilliform spinelets, much smaller than the furrow 
series, slightly tapering at the end but obtuse, the direction of the series being usually in a 
straight line behind the furrow spine, at right angles to the furrow, but sometimes slightly 
oblique. Occasionally there is a fourth spine in this series, and sometimes the line of the 
series is slightly curved. 

The actinal intermediate plates are small and form well-defined longitudinal series, 
two of which extend nearly to the end of the ray: about eight series may be counted on 
each side of the median interradial line. Each plate bears a group of from three to seven 
short, subequal, slightly tapering spinelets, covered with skin and imbedded at the base 
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and nearly to the tip in a thick fleshy mass. The tabulum or membranous base in which 
the spinelets are imbedded stands raised and erect out of the general actinal membrane. 
The groups are rather irregular in shape and the spinelets radiate slightly. The groups 
are distinctly spaced, having clear channels between. 

The mouth-plates are rather large, and their armature consists of a marginal series of 
five robust, thickly skin-covered spines on each plate, which increase slightly in size as 
they proceed inward. The actinal surface of the united pair of mouth-plates is covered 
with smooth, shining membrane ; and one or two short, robust, skin-covered spines stand 
near the outer end of each plate. The trend of the mouth-spines is shghtly downward, and 
each mouth-angle has consequently rather a scoop-like appearance. 

The madreporiform body is large and situated about midway between the centre and 
the margin, or rather nearer the former; several larger spine-groups are amongst those 
which surround it. The surface is flatly convex, the edge being bevelled. The striations 
are fine and much convoluted, and on the dissepiments are developed numerous low 
granuliform eminences. 

The anal aperture is subcentral, and there is no modification in the spine-groups 
surrounding it. 

No pedicellarize are present. 

Colour in alcohol, a warm light brownish shade. 

Locality.—Station 313. Off Cape Virgins, eastern coast of South America, near the 
Atlantic entrance to the Strait of Magellan. January 20, 1876. Lat. 52° 20’ 0” S., long. 
67° 89’ 0” W. Depth 55 fathoms. Sand. Bottom temperature, 47°-8 Fahr.; surface 
temperature, 48°°2 Fahr. 

Remarks.—This species is in some respects more nearly related to Cycethra electilis 
than to the other forms. It is, however, at once distinguished by its generally inflated 
character, by the elongate rounded rays, by the obscure marginal plates, by the small and 
mass-like character of the spine-groups, and by the arrangement of the adambulacral 
armature. 


Genus Ganeria, Gray. 
Ganeria, Gray, Proc. Zool. Soc. Lond., 1847, Part xv. p. 83. 


This genus appears to have a remarkably restricted area of distribution, confined to 
the neighbourhood of the Falkland Islands and the extreme southern point of America. 
Although morphologically isolated, there seems to be little doubt about its being correctly 
placed in the Asterinide ; and I consider that its nearest ally is the genus Cycethra— 
a form as yet only known from the southern point of America and the neighbourhood of 
the Falkland Islands. Cycethra, however, extends to the Pacific side of the continent, 
whereas Ganeria has been taken only in the Atlantic. 
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Chorology of the Genus Ganeria. 


a. Geographical distribution :— 


AtLantic: One species between the parallels of 45° and 55° 8. 
Ganeria falklandica, from the Falkland Islands, and off Cape 
Virgins, near the Atlantic entrance to the Strait of Magellan. 


8. Bathymetrical range: 55 fathoms. 
y. Nature of the Sea-bottom: Sand. 


Chorological Synopsis of the Species. 


Ocean. Range in Fathoms. Nature of the Sea-bottom. | 


Ganeria falklandica ; j | 


a 
| | 
Atlantic. 55 | Sand. | 


1. Ganeria falklandica, Gray (Pl. LX. figs. 1 and 2; Pl. LXII. figs. 6 and 7). 
Ganeria falklandica, Gray, 1847, Proc. Zool. Soc. Lond., Part xv. p. 83. 


Locality.—Station 313. Off Cape Virgins, east coast of South America, near the 
Atlantic entrance to the Strait of Magellan. January 20, 1876. Lat. 52° 20’ 0” S., 
long. 67° 39’ 0” W. Depth 55 fathoms. Sand. Bottom temperature, 47°38 Fabhr. ; 
surface temperature, 48°°2 Fahr. 

Remarks.—A considerable amount of variation occurs in the number of the spinelets 
on the abactinal plates, in the manner in which these are grouped, and in the extent and 
character of their membranous investment. In medium-sized examples there are as a rule 
comparatively few granuliform spinelets, on the outer part of the ray not more than two 
or three being near together; and the membrane only mounting their bases causes them 
to appear very short and conical. Furthermore, in small and medium-sized specimens the 
marginal plates have only 4 single vertical series of spinelets, excepting a few plates in the 
interbrachial are, whereas in large examples the series is doubled; the disposition of the 
additional spinelets being subject, however, to considerable irregularity. In the examples 
collected by the Challenger the actinal intermediate plates usually bear one spine, and 
occasionally two or three—the latter number very rarely. 

An interesting feature in this starfish, which appears to have escaped notice in the 
descriptions of Gray and Perrier,’ is the presence of a more or less clearly defined broad 
medio-radial band, which is most distinct on the outer half of the ray, although in some 


1 Révis. Stell. Mus., p, 327 (Archives de Zool. expér., 1876, t. v. p. 247). 
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examples it can scarcely be discerned at all. This is caused by a difference in the form of 
the abactinal plates, although the circumstance is scarcely apparent superficially owing to 
their membranous covering. The presence of this band suggests the character produced 
by the different form of the median and lateral series of abactinal plates in Nepanthaa. 


Subfamily AsTERININz, Sladen, 1888. 
Genus Patiria (Gray), emend. Perrier. 
Patiria, Gray, Ann. and Mag. Nat. Hist., 1840, vol. vi. p. 290. 


Patiria, as constituted by Gray, was an ill-defined group, which included forms that 
cannot be separated by any essential character from Asterina. The genus was subsequently, 
and with great justice, limited by Perrier to one of the three sections made by Gray, and 
comprised only two species, those named by him Patiria ocellifera and Patiria crassa. 
This view of the genus is the only one which can be maintained. A third species has 
been added by the Challenger. That Patiria is very closely allied to Asterina there can 
be no doubt; and a young form which I have referred to the species described below 
indicates this affinity even more closely than the adult forms, and suggests the assumption 
that Patiria is probably immediately descended from an Asterina-like ancestor. As 
known at present the genus is confined to the southern hemisphere; but the locality of 
one of the original species is unknown. 


Chorology of the Genus Patiria. 
a. Geographical distribution :— 


ATLANTIC: One species between the parallels of 30° and-40° S. 
Patiria bellula, from Simon’s Bay, Cape of Good Hope. 


InpIAN OcEAN: One species between the parallels of 10° and 50° S. 
Patiria crassa from Western Australia. 


6. Bathymetrical range: Shallow water. 
y. Nature of the sea-bottom: Not recorded. 


Chorological Synopsis of the Species. 


Ocean. | Range in Fathoms, Nature of the Sea-bottom. 
| 
| 
| a0 ; 
Patiria bellula . ; | Atlantic. Shallow water. 
Patiria crassa . : ; Indian, 


Patiria ocellifera. ah 2 2 
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1. Patiria bellula, n. sp. (P]. LXIIIL. figs. 1 and 2; Pl. LXIV. figs. 5 and 6). 


Rays fivee R=49 mm.; r=18 mm. Breadth of a ray between the fifth and sixth 
infero-marginal plates, 17 mm. ; breadth near the tip, 7°5 mm. 

Rays produced and rather long, semi-cylindrical, flattened actinally, rather broad at 
the base and tapering towards the extremity, which is blunt and obtusely rounded. 
Interbrachial ares more or less rounded. Abactinal area of the disk convex. Actinal 
surface subplane or slightly convex. 

The abactinal area is covered with comparatively large and more or less convex plates, 
amongst which smaller ones are interspersed. Numerous papulz are present. The plates 
bear short, robust, subequal, papilliform spinelets which form groups. The plates on the 
outer part of the ray are larger and more distinct than elsewhere, and their shape is 
nearly circular. On the disk and the inner part of the ray they are smaller and more 
irregular, and there is a tendency for the plates, as indicated by the groups of spinelets, 
to assume here and there the crescentiform shape found in many species of Asterina. 
This character is more conspicuously shown in some examples than in others. 

The marginal plates are very small, and on the outer part of the ray the two series 
appear to alternate. The supero-marginal plates are about thirty-two or thirty-three in 
number, counting from the median interradial line to the extremity. They are covered 
with a compact group of spinelets rather smaller than those on the abactinal plates 
generally, and the form of the plates as defined by these groups is nearly square. 

The infero-marginal plates form the margin of the actinal surface, and are subequal 
in length to the plates of the superior series, but are not so high; they bear groups of 
similar spinelets. 

The armature of the adambulacral plates consists of :—(1.) A furrow series of four spine- 
lets, invested with membrane, partially united or webbed, forming a fan slightly obliquely 
placed, and high in the furrow. The spinelets are robust, cylindrical, obtusely tipped, 
and the two middle ones are usually longer than the others; sometimes only three 
spinelets are present. (2.) On the actinal surface of the plate is an obliquely placed fan of 
three or four (usually four) short, robust, papilliform spinelets, which are shorter and 
more robust than the furrow series, and radiate slightly apart. 

In the actinal interradial areas five rows of intermediate plates may be counted ; 
only two series extend to the end of the ray, the outer one becoming very small near the 
extremity; the third series extends about two-thirds of the length of the ray, and the 
remaining series are very short. All the intermediate plates bear groups of small, 
subequal, obtuse, papilliform spinelets, which are larger and more robust than those on 
the marginal plates, but rather smaller than the series of spinelets above described on 
the actinal surface of the adambulacral plates. The groups are more or less compact 
and well defined, each being distinctly spaced; about eight or nine spinelets are present 
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in the larger groups in the interradial area. In some examples the spinelets are less 
robust, and there are fully twice as many in a group. 

The madreporiform body, which is small, is situated nearer the centre than midway 
between that point and the margin. It has a papillose rather than a striated appearance, 
in consequence of the frequent division of the intervening ridges. Several large plates 
with spinelets surround the margin. 

Colour in alcohol, an ashy grey or greyish white. 

Young Phase.—There is a small example from the same locality, which I have 
no hesitation in referring to the same species. Its measurements are R=20 mm., 
r=7'5 mm. ‘The outer part of the rays is occupied only by large diamond-shaped 
plates with a pore at the angles. At the base of the rays and on the disk small plates 
are intercalated, and these usually have a pore at each side; the larger plates are more 
elongate transversely, and there is occasionally a tendency to assume the crescent shape, 
which appears, however, to be mainly caused by the slight arching of the group of 
spinelets borne on the plates. This character produces more or less of the Asterina 
facies, and leads to the supposition that Patria may perhaps be traced phylogenetically 
to an Asterina ancestor. The armature of the adambulacral plates and the spinulation of 
the actinal intermediate plates, as well as the character of both, accord exactly with the 
adult form described above. 

Locality.—Simon’s Bay, Cape of Good Hope. Shallow water. 

Remarks.—This species resembles in many respects Patiria crassa, Gray, of which 
it is probably the South-African representative. Patiria bellula may be distinguished by 
the comparatively shorter rays, which are broader at the base and more tapering, and by 
the character of the adambulacral armature, which in Patiria bellula consists of two 
series composed of three or four spines in each, whereas in Patiria crassa there are at 
least three series, composed of five to seven spinelets in each. Furthermore in Patiria 
bellula these spinelets, as well as the spinelets on the actinal intermediate plates, are 
much more robust and altogether stronger in character than in Patiria crassa. This is 
specially noticeable in the case of the actinal intermediate plates. 


Genus Nepanthia, Gray. 


Nepanthia (pars), Gray, Ann. and Mag. Nat. Hist., 1840, vol. vi., p. 287. 
Asterina (subgenus Nepanthia), Perrier, Révis. Stell. Mus., 1876, p. 320 (Archives de Zool. expér., 
t. v. p. 240). 
Gray included two species in his genus Nepanthia, one of which is a Chetaster. 
This was pointed out by Perrier, who thus limited the genus, and added at the same time 
two new species founded on specimens preserved in the British Museum. Perrier,’ at 


1 Révis. Stell. Mus., pp. 295, 320 (Archives de Zool. expér., t. V. pp. 215, 240). 
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the same time, ranked Nepanthia only as a subgenus under Asterina. In my estimation, 
however, the structure and arrangement of the skeletal elements, the general form as a 
whole, the tegumentary appendages, and the character of the armature of the adambulacral 
plates, warrant the retention of Nepanthia as an independent genus. 


Chorology of the Genus Nepanthia. 


a. Geographical distribution :— 


EasTERN ARCHIPELAGO: Two species between the parallels of 20° N. and 20° 8. 
*Nepanthia brevis, in Torres Strait. *Nepanthia maculata in the 
Arafura Sea, and from Migupou (fide Gray). 
8. Bathymetrical range: The two species of which the conditions of the locality are 


known are confined to shallow water, the greatest depth recorded being 28 
fathoms. 


y. Nature of the Sea-bottom: Nepanthia brevis is found on Shell sand and Coral mud, 
and Nepanthia maculata on Green mud. 


The locality and conditions of habitat of Nepanthia belchert are unknown; it is 
therefore not included in the foregoing list. 
The species collected by the Challenger are marked with an asterisk. 


Chorological Synopsis of the Species. 


Ocean. | Range in Fathoms. Nature of the Sea-bottom., 
Nepanthia belcheri 5 j 2 ? 2 
Nepanthia brevis . é . | Eastern Archipelago, | 8 Shell sand, Coral mud. 
Nepanthia maculata . . | Eastern Archipelago. 28 Green mud. 


1. Nepanthia brevis, Perrier (P]. LXIII. figs. 3-5). 

Asterina (Nepanthia) brevis, Perrier, 1876, Révis. Stell. Mus., p. 321 (Archives de Zool expér., t. v. 
p. 241), 

Locality.—Station 186. North of Cape York, Torres Strait. September 8, 1874. 
Lat. 10° 30’ 0” S., long. 142° 18’ 0” E. Depth 8 fathoms. Coral mud. Surface 
temperature 77°°2 Fahr, . 

Remarks.—Only a single example of this interesting but well-marked form was 
dredged by the Challenger. I have given drawings of it, as the species is little known. 
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2. Nepanthia maculata, Gray (P]. LXIV. figs. 1-4). 


Nepanthia maculata, Gray, 1840, Ann. and Mag. Nat. Hist., vol. vi. p. 287. 

Chetaster (?) maculatus, Miiller and Troschel, 1842, System der Asteriden, p. 28. 

1 Chetaster cylindratus, Mébius, 1859, Neue Seesterne des Hamburger and Kieler Museums, p. 1, 
Taf. 1, figs. 3 and 4 (Abhandl. a. d. Gebiete Naturw. hrsg. v. d. naturwiss. Verein, Hamburg, 
Bd. iv. Abth. 2, 1860). 

Asterina (Nepanthia) maculata, Perrier, 1876, Révis. Stell. Mus., p. 322 (Archives de Zool. expér., 
t. v., p. 242). 


Locality.—Station 188. In the Arafura Sea. September 10,1874. Lat. 9° 59’ 0”S., 
long. 139° 42’ 0” EK. Depth 28 fathoms. Green mud. Surface temperature 78°°5 Fahr. 

Remarks.—Only a single example of this handsome species was procured by the 
Challenger. I have given drawings, as the form is little known, and the descriptions pub- 
lished are rather vague in some respects. 

With regard to the adambulacral armature it may be mentioned that I believe the 
drawing given on Pl. LXIV. fig. 4, represents the natural posture of the spinelets during 
life. In a few favourable instances in the specimen under notice they may be seen thus 
disposed, but usually when preserved in spirit and in the dry condition the spinelets on the 
actinal surface of the adambulacral plates are drawn together and form a compact group, 
which closely resembles in form and character the groups of fine spinelets on the adjacent 
intermediate plates, 

I have examined the type of Mébius’ Chataster cylindratus in the Hamburg Museum, 
and, though I have not compared it side by side with Gray’s example, I feel little hesita- 
tion in regarding it as the same species. 


Genus Asterina, Nardo. 


Asterina, Nardo, De Asteriis, Oken’s Isis, 1834, p. 716. 


Asteriscus (pars), Miiller and Troschel, Monatsber. d. k. preuss. Akad. d. Wiss, Berlin, 1840 (April), 
p. 104. 


This well-characterised genus has been subjected to comparatively few changes at the 
hands of classifiers. Perrier’ pointed out that there is no sufficient reason for discarding 
the name given by Nardo in favour of Asteriscus proposed by Miiller and Troschel on the 
ground that the word in question was employed by Llhuyd and Linck. Asteriscus was 
not used in the sense of a generic name anterior to 1840. 

Notwithstanding the considerable number of species, the amount of structural varia- 
tion within the limits of the genus which they represent is comparatively small. 

The distribution of the genus is almost cosmopolitan, but confined to the tropical and 
temperate seas. 


1 Révis. Stell. Mus., p. 294 (Archives de Zool. expér., 1876, t. v., p. 214). 


‘ 
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Synopsis of the Species of Asterina, herein mentioned. 


A. Actinal intermediate plates with few spines (two to five), arranged in single series. 
a. Actinal intermediate plates with one spine only on the inner part of the 
interradial area. 
a. Actinal intermediate plates with one spine on the outer plates. 
Adambulacral plates with one spine on the actinal surface. 
a, Actinal intermediate plates with one spine on all plates. 
Abactinal plates with granules arranged in semicircles. 
Five rays. Spines on actinal intermediate plates short 
and conical . . regularis. 
§. Actinal intermediate plates on the inner at of tlie! cater: 
radial area devoid of spines. Abactinal plates with 
granules not arranged in semicircles. . : . . exigua. 
6, Actinal intermediate plates with two spines on the outer fined 
Adambulacral plates with two spines on the actinal surface. 
Abactinal plates well-spinulated or granulate. Six rays . -  gunnit, 
b. Actinal intermediate plates with two to five spines on each plate. 
a. Adambulacral plates with two or three spines on the actinal surface. 
Abactinal plates well spinulated. 
a. Actinal intermediate plates with more than two spines. 
Adambulacral plates with four or five spinelets in the 
furrow series. Actinal intermediate ae with five 
spines in line, pointed 3 5 pectinifera. 
b, Adambulacral plates with more than three spines on ‘the ceneal 
surface. Abactinal plates almost naked, spinelets simply mar- 
ginal and inconspicuous. 
«, Actinal intermediate plates with three or four long delicate 
spines, united by membrane, not regularly in line. 
Adambulacral plates with four or five spines on the 
furrow margin and three or four on the actinal surface . folium. 
8. Actinal intermediate plates with two to four short, small, 
conical spinelets, not united. Adambulacral plates with 
five to seven spines on the furrow series and four or 
five on the actinal surface . : : .  cepheus. 
B, Actinal intermediate plates with numerous (eight to Sec spines, eomine a 
double or triple line . 5 A é ; ; : : : C . penicillaris. 


Chorology of the Genus Asterina. 


a. Geographical distribution :— 


_ ATLANTIC: Eleven species between the parallels of 60° N. and 40° S. 

Asterina gibbosa, off the European and North African coasts, 
and in the Mediterranean. Asterina gibbosa is also reputed to 
extend into the Indian Ocean and Eastern Archipelago, but the 
occurrence of this species out of the Atlantic needs verification, 
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Asterina cepheus being probably the form in question. Asterina 
squamata and Asterina marginata, off Senegal, the latter extending 
across the Atlantic to Brazil. Asterina minuta (Gray), Asterina 
lymani, Asterina pilosa, and *Asterina folium, from the West 
Indian area, the last-mentioned also off the coast of Florida (fide 
Alexander Agassiz). Asterina granifera, Asterina coccinea, 
Asterina gunnii, and *Asterina exiqua, from the Cape of Good 
Hope; Asterina coccinea extending into the Indian Ocean to 
Mozambique, Asterina gunni extending to Australia and Tas- 
mania, and Asterina exigua extending through the Indian and 
Southern Oceans into the Eastern Archipelago and Pacific. 


InpIAN and SouTHERN OcEANS: Seven (or eight ?) species between the parallels 
of 30° N. and 40° S. 

“Asterina cepheus, “Asterina penicillaris, and Asterina wega, 
from the Red Sea; Asterina cepheus is also found off Zanzibar and 
Mozambique, and extends into the Eastern Archipelago and Pacific ; 
Asterina penicillaris is also found off Port Natal, and extends 
into the Eastern Archipelago and Pacific; Asterina wega is also 
found off Mauritius. Asterina gibbosa is reputed to occur in the 
Red Sea, and at Mauritius and Madagascar, and to extend into the 
Eastern Archipelago, but Asterina cepheus is probably the species 
intended. Asterina coccinea and Asterina coronata, off Mozam- 
bique, the former extending to the Cape of Good Hope, and the 
latter into the Eastern Archipelago. As to the specific distinction 
of Asterina coronata from Asterina cepheus 1am somewhat doubtful. 
Asterina fimbriata, off the Island of Bourbon. *Asterina exiqua, 
from Natal, Mauritius, Madagascar, St Paul Island, extending to 
the Cape of Good Hope, and passing eastward into the Eastern 
Archipelago and Pacific. 


HastERN ARCHIPELAGO: Four (or five ?) species between the parallels of 20° N. 
and 20° §. 

“Asterina cepheus, “Asterina exiquus, and * Asterina penicillaris 
from Java; Asterina cepheus and Asterina exigua are also found off 
the Philippines and extend into the Indian Ocean and Pacific, the 
latter occurring at the Cape of Good Hope. Asterina exigua and 
Asterina penicillaris are also found off the Moluccas, and the latter 
at Flores, and extending into the Pacific and Indian Oceans. Aster- 
ina coronata (the specific distinctness of which from Asterina cepheus 


ure) 
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seems to me rather doubtful) is from Amboina and the Moluccas 
and extending into the Indian Ocean. Asterina gibbosa is reputed 
to occur in the Eastern Archipelago, but probably Asterina cepheus 
is the species intended. 


Paciric: Fifteen or sixteen species between the parallels of 60° N. and 50° S. 


“Asterina pectinifera and *Asterina penicillaris, from Japan. 
Asterina calear, * Asterina exigua, “Asterina gunnii, *Asterina 
regularis, and “Asterina penicillaris, from Australia. Asterina 
eaigua and Asterina penicillaris extend into the Eastern Archi- 
pelago and Indian Ocean, the former reaching the Atlantic at the 
Cape of Good Hope. Asterina gunnit is also found off Tasmania 
and extends to the Cape of Good Hope. Asterina regularis is also 
found off New Zealand. Asterina nove-zealandizx off New Zealand. 
Asterina cepheus off New Caledonia, and extending into the Eastern 
Archipelago and Indian Ocean. Asterina calcarata, Asterina gayi, 
Asterina pusilla, and Asterina chilensis, off the coast of Chili, the 
last-mentioned also off Peru. Asterina obtusa and Asterina mo- 
desta from Panama, the latter also from the Pearl Islands. Asterina 
granulosa from the Sandwich Islands. 
California and extending as far northward as the Island of Sitka. 


Asterina miniata from 


8. Bathymetrical range: Shallow water; all the species so far as known to me are 


confined to the Littoral zone. The greatest depth is attained by 
Asterina lymani, which is found in 120 to 140 fathoms. 


y. Nature of the Sea-bottom: Recorded in very few instances. Probably always 


more or less hard. Usually rocks and stones. 


Chorological Synopsis of the Species herein mentioned. 


Asterina cepheus 


Asterina exiqua. 


Asterina folium . 
Asterina gunnii . 


Asterina pectinifera . 
| Asterina penicillaris . 


Asterina regularis 


Ocean. Range in Fathoms. Nature of the Sea-bottom. | 
ine & 7 2 bone 
Indi ; chi , 
{ ae Sa Archipelago, and } 10 Goralceis: 
Atlantic,! Indian, Eastern Archi- | | 
{ pelago, Duane see ae oar \ 10 Coral reefs, &e. | 
Atlantic. sale | ae 
Pacific, Atlantic.! a as | 
Pacific. 5 to 25 
Indian, Eastern Archipelago, and Q 
{ Piciae. z \ 8 to 50 wae | 
Pacific, 10 nh | 


1 At the Cape of Good Hope. 
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The locality of the following three species is unknown, and their names are not 
included in the foregoing list :-— 


Asterina setacea (Val.), Perrier. | Asterina stellaris, Perrier. | Asterina trochiscus (Retz.), Perrier. 


Asterina trochiscus is associated with the vague statement “ Habitat in mari indico ;” 
and the species itself appears to me to be more or less doubtful. 

The species collected by the Challenger are indicated in the foregoing list with an 
asterisk. 


1. Asterina regularis, Verrill. 


Asterina gunnii, var., Gray, 1840, Ann. and Mag. Nat. Hist., vol. vi. p. 290. 

Asteriscus australis (pars), Miiller and Troschel, 1842, System der Asteriden, p. 43. 

Asterina (Asteriscus) regularis, Verrill, 1871 (1867), Trans. Conn. Acad. Arts and Sci., vol. i. part 2, 
p- 250. 

Asterina cabbalistica, Liitken, 1871, Videnskab. Medd. naturh. Foren. i Kjgbenhavn, p. 242, pl. iv. 
fig. 1. 

Asterina regularis, Hutton, 1872, Cat. Echin. New Zealand, p. 9. 


Locality. Queen Charlotte Sound, New Zealand. June 27,1874. Depth 10 fathoms. 


2. Asterina exigua (Lamarck), Perrier. 


Asterias exigua, Lamarck, 1816, Hist. nat. anim. s. vert., t. i. p. 554. 

Asterias minuta, de Blainville, 1834, Manuel d’Actinologie, p. 238. 

Asterina Kraussit, Gray, 1840, Ann. and Mag. Nat, Hist., vol. vi. p. 289. 

Asteriscus pentagonus, Miiller and Troschel, 1842, System der Asteriden, p. 42. 

Asteriscus Kraussii, Miiller and Troschel, 1842, System der Asteriden, p. 42. 

Asterina pentagona, v. Martens, 1866, Archiv f. Naturg., Jahrg. xxxii. Bd. i. p. 74. 

Asterina eaiqua,, Perrier, 1876, Révis. Stell. Mus., p. 302 (Archives de Zool. expér., t. v. p. 222). 


Localities.—Simon’s Bay, Cape of Good Hope. Shallow water. 

Sea Point, near Cape Town. 

Station 212, off Samboangan, Philippine group. Depth 10 fathoms. On the reefs. 
Port Jackson. Depth 6 fathoms. 


3. Asterina gunni2, Gray. 
Asterias calcar, var. b, Lamarck, 1816, Hist. nat. anim. s. vert., t. ii. p. 557. 
Asterina gunnii, Gray, 1840, Ann. and Mag. Nat. Hist., vol. vi. p. 289. 
Asteriscus australis (pars), Miiller and Troschel, 1842, System der Asteriden, p. 243. 
Asteriscus Diesingi, Miller and Troschel, 1842, System der Asteriden, p. 43. — 
Asteriscus calear, Dujardin and Hupé, 1862, Hist. Nat. Zooph. Echin. (Suites 4 Buffon), p. 377. 
Asteriscus exiguus, Perrier, 1869, Ann, Sci. Nat., 5e Série, t. xii. p. 292. 


Locality.—Port Jackson. Depth 7 fathoms. 
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4, Asterina pectinifera (Miller and Troschel), v. Martens. 


Asteriscus pectinifer, Miiller and Troschel, 1842, System der Asteriden, p. 40. 
Asterina pectinifera, v. Martens, 1865, Archiv f. Naturgesch., Jahrg. xxxi. Bd. i. p. 352. 


Locality.—Yokohama. Depth 5 to 25 fathoms. 


5. Asterina folium (Liitken), Agassiz. 


Asteriscus folium, Liitken, 1860, Videnskab. Medd. naturh, Foren. i Kjgbenhavn for 1859, p. 60. 
Asterina folium, A. Agassiz, 1877, Mem. Mus. Comp. Zool. Harvard, vol. v. No. I. p. 106. 


Locality.—Bermuda. Depth and conditions not recorded. 

Remarks.—A single example was obtained at Bermuda, which I refer with some 
hesitation to Liitken’s Asterina folium. The marginal contour appears to be more 
pentagonal, the interbrachial arcs being less indented; and the abactinal plates seem to 
me to be relatively larger and more convex in form. 

Asterina folium, Liitken, is placed by Perrier* as a synonym under Asterina minuta, 
Gray. The example under notice differs altogether from the type specimens of Asterina 
minuta, Gray, which are preserved in spirit in the British Museum, and still bear their 
original label in Gray’s handwriting. These examples do not appear to have been seen 
by Perrier. Under these circumstances I regard the Asterina foliwm of Liitken and the 
Asterina minuta of Gray as distinct species. 


6. Asterina cepheus (Miller and Troschel), v. Martens. 


Asteriscus cepheus, Miiller and Troschel, 1842, System der Asteriden, p. 41. 
Asterina Burtonit, Gray, 1840, Ann. and Mag. Nat. Hist., vol. vi. p. 289. 
Asterina cepheus, v. Martens, 1866, Archiv f. Naturgesch., Jahrg. xxxul. Bd. 1. p. 85. 


Locality—Samboangan, Philippine group. Depth 10 fathoms, on the reefs. 
A single example in a bad state of preservation. 


7. Asterina penicillaris (Lamarck), v. Martens. 


Asterias penicillaris, Lamarck, 1816, Hist. nat. anim. s. vert., t. i. p. 555. 
Asteriscus penicillaris, Miller and Troschel, 1842, System der Asteriden, p. 42. 
Asterina penicillaris, vy. Martens, 1866, Archiv f. Naturgesch., Jahrg. xxxii. Bd. 1. p. 74. 


Locality. Kobé, Japan. Depth 8 to 50 fathoms. 


1 Révis. Stell. Mus., p. 309 (Archives de Zool. éxper., 1876, t. v. p. 229). 
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Subfamily PALMIPEDIN®, Sladen, 1888. 


Genus Palmipes, Linck. 


Palmipes, Linck, De Stellis marinis, 1733, p. 29. 
Anseropoda, Nardo, De Asteriis, Oken’s Isis, 1834, p. 716. 
Asteriscus (pars), Miiller and Troschel, Monatsber. d. k. preuss. Akad. d. Wiss. Berlin, 1840, p. 104. 
This remarkable and sharply defined genus appears to be comparatively local in its 
occurrence, although the recorded localities are widely distributed. The small number of spe- 
cies indicates a very limited range of morphological variation, which is all the more remark- 
able when the isolated character of the structure of the genus is taken into consideration. 
The structural peculiarities of Palmipes have led me to place the genus in a distinct 
subfamily, in which I have included the allied genus Stegnaster. With these I am 
inclined to think that Tremaster, Verrill, should also be associated; but as I have not 
had an opportunity of examining the structure of that form, and as no account of its 
details has been published, nor any suggestion as to the affinities of this abnormal genus 
thrown out by its author, I feel at present some uncertainty as to whether 7remaster 
should be classed with the Palmipedine or Asterinine. 


Chorology of the Genus Palmipes. 
a. Geographical distribution :-— 


ATLANTIC : One species between the parallels of 30° and 65° N. 
Palmipes membranaceus, off the British Islands, in the English 
Channel, off the coast of France, and in the Mediterranean and the 
Adriatic. 


InpIAN OcEAN: One species between the parallels of 10° and 25° N. 
Palmipes rosaceus, from the Bay of Bengal (Berlin Mus.). This 
form also occurs off Japan (fide Gray). 
Pactric : Two species between the parallels of 40° N. and 5’ S. 
Palmipes diaphanus, from North of Admiralty Island; and 
Palmipes rosaceus, from Japan, the latter extending to the Bay 
of Bengal. 


8. Bathymetrical range: 20 to 150 fathoms. 
Greatest range of one species: Palnipes membranaceus, 20 to 100 fathoms. 


y. Nature of the Sea-bottom: Palmipes diaphanus lives on Coral mud. 
The nature of the ground inhabited by Palmipes membranaceus and Palmipes 
rosaceus is not recorded. The want of information in the case of the compara- 
tively common form, Palmipes membranaceus, is surprising. 
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Chorological Synopsis of the Species. 


Ocean. Range in Fathoms. Nature of the Sea-bottom. | 
| ya wi =; a= Se zr i = | 
| Palmipes diaphanus . ; Pacific. | 150 Coral mud. | 

Palmipes membranaceus ; Atlantic. | 20 to 100 
Palmipes rosaceus : : Pacific and Indian. 


1. Palmipes membranaceus, Linck. 


Stella cartilaginea, Aldrovandus, 1602, De Animalibus Insectis, p. 743. 

Palmipes membranaceus, Linck, 1733, De Stellis marinis, p. 29, pl. i. No. 2. 

Asterias placenta, Pennant, 1777, British Zoology, vol. iv. p. 62, pl. xxxi. fig. 59a. 

Asterias membranacea, Retzius, 1783, K. Vet.-Akad. Nya Handl. Bd. iv. p. 238. 

Asterias cartilaginea, Fleming, 1828, Hist. Brit. Animals, p. 485. 

Anseropoda membranacea, Nardo, 1834, De Asteriis, Oken’s Isis, p. 716. 

Asteriscus membranacea, Miiller and Troschel, 1840, Monatsber. d. k. preuss. Akad. d. Wiss. 
Berlin, p. 104. 

Asteriscus palmipes, Miiller and Troschel, 1842, System der Asteriden, p. 39. 

Palmipes placenta, Norman, 1865, Ann. and Mag. Nat. Hist., ser. 3, vol. xv. p. 120. 


Locality.— Porcupine” Expedition : 
The Minch, 1869. Exact locality and conditions not recorded. 


2. Palmipes diaphanus, n. sp. 


Rays five. R=42 mm.; 7=25 mm. The minor radius is thus in the proportion of 
about 60 per cent. 

Rays comparatively well produced for the genus, sublanceolate or leaf-like in outline, 
the curvature of the contour having a graceful convexity laterally, and the extremity 
distinctly pointed. The body, which is extremely delicate and thin, is semi-transparent. 
An abruptly-rising rounded ridge proceeds along each radial line. 

The plates of the abactinal surface bear from three to five isolated tufts of small 
spinelets. Those in the median region of the disk bear four or five—three placed near 
the free margin (a larger one with a small one on each side), and one or two side by side, 
behind these. Beyond the central region and along the rays there are generally only 
three present, which are placed near the free margin. The larger tufts are composed of 
seven or eight short delicate spinelets, and the smaller tufts of five or six rather shorter 
ones. All the spinelets are microscopic and embryonic in character. 

The armature of the adambulacral plates consists of (1.) a series of six delicate elon - 
gate spinelets on the furrow margin ; and (2.) on the actinal surface of the plate a series of 


396 THE VOYAGE OF H.M.S. CHALLENGER. 


four similar spinelets, one of which is subequal to the furrow series, the others smaller ; 
near the mouth there may be six spinelets in this series, and on the outer part of the 
ray there are only three. This series may be disposed in an oblique line, but is usually 
in an are. 

The mouth-plates are comparatively large, and their armature consists of a marginal 
series of about ten rather robust, cylindrical, obtuse spinelets, and a secondary or superficial 
series of about the same number of more delicate and tapering spinelets, similar to those 
on the adambulacral plates, arranged in a compact are on the actinal surface of each plate. 
A few additional smaller spinelets may also be present. 

The actinal plates bear a series or comb of four small spinelets, one of the median ones 
being a little longer than the others, and all radiate slightly apart. Near the mouth there 
may be five spinelets in a comb; also one or two very small spinelets on each side, isolated 
from the comb. The plates, which form regular transverse series, become very small as 
they approach the margin, and the small combs of spinelets are very closely placed there, 
one comb almost overlapping the next outermost in its own column or series. 

The marginal plates, which are very small but distinct and isolated, are somewhat in 
the form of the blade of an old battle-axe, and they bear on their curved free margin a 
double comb of about sixteen small subequal spinelets. These plates alternate with the 
columns of abactinal plates; and there is at the base of each of the plates just described a 
second small plate with a comb of spinelets, which I regard as the representative of the 
supero-marginal plate. 

The papular orifices are large and spiracle-like, margined by seven or more plates, each 
of which bears a small comb of rather elongate spinelets directed over the opening. The 
orifices, which are disposed in a single line on each side of the median radial line, are very 
few in number and irregularly spaced. There do not appear to be more than five to eight 
on each side of the radial ridge, and these may be arranged five or six near together near 
the middle of the radial line and tolerably equally spaced, and then one or two nearer the 
centre or nearer the extremity; or there may be only two or three near together. The 
occurrence of orifices on one side of the median ridge does not correspond with the 
occurrence of orifices on the other side. 

Colour in alcohol, pellucid white. 

Locality —Station 219. Off D’Entrecasteaux Reef, North of Admiralty Island. 
March 10, 1875. Lat. 1° 54’ 0” S., long. 146° 39’ 40” E. Depth 150 fathoms. Coral 
mud. Surface temperature 840 Fahr. 

Remarks.—This species is a true Palmipes, but differs so essentially from either 
Paliupes membranaceus or Palmipes rosaceus that no comparison is necessary. It is 
an interesting addition to the small number of species of this singular genus. Unfor- 
tunately the specimen collected by the Challenger is only a fragment. The whole starfish 
must be an extremely elegant form, remarkable for its delicacy and transparency. 
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Order CRYPTOZONIA, Sladen, 1888. 
Family Linck11p&, Perrier, 1875, emend. 


The family Linckiide, if the genera Chxtaster and Metrodira be excepted, is one 
which presents great solidarity in its morphological facies. The two genera just named 
differ, however, so greatly in their general character from the other forms included in the 
family that I have placed them in distinct subfamilies. The plan of their structure is more 
in consonance with that of the Linckiidze as a whole than with that of any other family, 
but the details of their structure place them as very divergent members of the family, and 
warrant, in my estimation, the course I have taken for bringing into prominence their 
aberrant and transitional character. 

Viguier’ first referred Chetaster to this family, but he removed Fromia, Ferdina, 
and Metrodira to his family Goniasteride. This latter step Iam unable to approve, and 
I agree with Perrier in ranking these genera under the Linckiide. 

It has seemed to me useful to reinstate some of the genera recognised by Gray, which 
have been absorbed by subsequent writers on what appear to me insufficient grounds, 


Synopsis of the Genera included in the Family Lincxup. 


A. Abactinal plates with internal supplementary plates. Abactinal plates with 
paxilliform tabula . : : 9 : I D : . . CHTASTERINE. 
a, A single genus : a 5 : : . . : é : 3 Chetaster. 
B. Abactinal plates devoid of internal supplementary plates ; not forming paxil- 
liform tabula. 
a. Abactinal and marginal plates granulose and not bearing spines . . Linckiina. 
a. Devoid of superambulacral plates. 
a, Adambulacral armature in two or more series. Papule on 
the actinal surface. Marginal plates larger than the 
others. Abactinal plates comparatively small : : : Fromia. 
f. Adambulacral armature in a single series. No papule on 
actinal surface. Marginal plates not larger than the 
others. Abactinal plates large and more or less convex : Ferdina. 
b, With superambulacral plates. 
a, Abactinal plates in regular longitudinal series. Adambu- 
lacral armature in two unequal series; the outermost 
large and spiniform. Papule on the actinal surface. 
i. Abactinal and marginal plates granulose or bearing 
squamiform papille. 
1, Papular areas not confluent laterally. Madre- 
poriform body simple. : ; : 3 Ophidiaster. 


1 Archives de Zool. expér., 1878, t. vii. p. 147. 
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2. Papular areas confluent laterally. Madre- 


poriform body large and compound . : é Pharia. 
ii, Abactinal and marginal plates (in fact the whole test) 
covered with a thick membranous investment 3 : Leiaster. 


8. Abactinal plates not forming regular longitudinal series. 
i. Adambulacral armature granuliform, two or three 
series. No papule on the actinal surface, Abac- 
tinal plates comparatively small. 
1. Rays more or less cylindrical. Papule in 
areas irregularly distributed amongst the 
abactinal plates ¢ . 5 
2. Rays trigonal. Papule in one or two con- 
tinuous uninterrupted rows on each side 
of the ray : : : : 2 : ; Phataria. 
il, Adambulacral armature papilliform or spiniform, 
subprismatic, usually in three series. Abactinal 
plates comparatively large. 
1. Rays rounded. Papule on the actinal 
surface. Papule in areas : 4 : 2 Nardoa. 
2. Body pyramidal, rays triangular in section. 
No papule on the actinal surface. Papule 


; P Linckia. 


single, isolated : 2 ; Nareissia, 
b. Abactinal and marginal plates covered with membrane, the former and 
occasionally the latter bearing isolated skin-covered spinelets . . Merropiring. 
a. Asingle genus . . . . > . 0 : c Metrodira. 


Subfamily CuarTasterin®, Sladen, 1888. 


Genus Chetaster, Miiller and 'Troschel. 


Chuetaster, Miiller and Troschel, Monatsber. d. k. preuss. Akad. d. Wiss. Berlin, April 1840, p. 103. 
4 Astropus (subgen.), Gray, Ann. and Mag. Nat. Hist., Nov. 1840, vol. vi. p. 182. 
Nepanthia (pars), Gray, Ann. and Mag. Nat. Hist., Dec. 1840, vol. vi. p. 287. 

This singular genus was originally ranked with the Astropectinide, but was removed 
by Viguier’ in 1878 to the Linckiide. The justice of this step has recently been recog- 
nised by Perrier.’ I fully concur in this, although I regard Chextaster as a very abnormal 
member of the family, and have placed it in a distinct subfamily. 


Chorology of the Genus Cheetaster. 
a. Geographical distribution :-— 
ATLANTIC : Two species between the parallels of 10° and 40° N. 


Chetaster longipes, from the Mediterranean, and off the Azores 
and Bermuda. Chetaster nodosus, from Guadeloupe. 


1 Archives de Zool. expér., 1878, t. vii. p. 147.’ 
* Nouv. Archives Mus, Hist. Wat., 2e Serié, 1884, t. vi. p. 164. 


a 
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8. Bathymetrical range: 30 to 450 fathoms. 

y. Nature of the Sea-bottom - Chextaster longipes on coral reefs and on voleanic mud. 

The localities of Chetaster hermanni, Miller and Troschel, and Chetaster troschelii 
(Valenciennes MS.), Miiller and Troschel, are unknown. ‘The type of the latter species 
is lost, and I consider that the name should be discarded. I am in great doubt as to 
whether either of these forms could be referred to the genus Chetaster established on the 
basis of Chetaster longipes. 


Chorological Synopsis of the Species herein mentioned. 


| Ocean. Range of Fathoms. Nature of the Sea-bottom. 


Chetaster longipes . -| Atlantic. 30 to 450 Coral ; Volcanic mud. 


1. Chetaster longipes (Retzius), Sars. 


Asterias longipes, Retzius, 1805, Diss. sist. spec. cog. Asteriarum, p. 20. 

Asterias subulata, Lamarck, 1816, Hist. nat. anim, s. vert., t. 11. p. 568, \ 

Cheztaster subulata, Miller and Troschel, 1840 (April), Monatsber. d. k. preuss, Akad. d. Wiss. Berlin 
p. 103; System der Asteriden, 1842. p. 27. 

1 Astropecten (Astropus) longipes, Gray, 1840 (Nov.), Ann. and Mag. Nat. Hist., vol. vi. p. 182 
Synop. Spec. Starf. Brit. Mus., 1866, p. 4. 

Nepanthia tessellata, Gray, 1840 (Dec.), Ann, and Mag. Nat. Hist., vol. vi. p. 287; Synop. Spec 
Starf. Brit. Mus., 1866, p. 15. 

Chetaster longipes, Sars, 1857, Bidrag til Kundskaben om Middelhavets Littoral-Fauna, p. 107. 

Localities—Station 75. Between the Islands of Fayal and San Jorge, Azores. July 
2, 1873. Lat. 38° 38’ 0” N., long. 28° 28’ 30” W. Depth 450 fathoms. Volcanic mud. 
Surface temperature 70°°0 Fahr. 

Station 36. Off Bermuda. April 22,1873. Lat. 32° 7’ 25” N., long. 65° 4’ 0” W. 
Depth 30 fathoms. Coral. Surface temperature 67°°5 Fahr. 

“Porcupine ” Expedition : 

A single example. Locality and depth not recorded. 

Remarks.—All the examples collected at the above-mentioned stations are of smaller 
habit than that usual in full-grown specimens from the Mediterranean. A number of the 
examples from Station 36 have here and there tubercular enlargements of the paxille, 
which recall the knobs present in Chetaster nodosus, Perrier, and appear to me to be of the 
same character. In Chextaster nodosus the knobs are very numerous, and present a con- 
spicuous facies, which led me to regard M. Perrier’s example as a well-marked form when 
I had the privilege of examining it in his laboratory in Paris. 
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There is an example of this species in the collection made during the “ Porcupine” 
Expedition, but no record of the locality or depth is given. It is perhaps the starfish 
referred to by Sir Wyville Thomson! as “a fine Scytaster, probably identical with the 
Asterias canariensis of d’Orbigny.” This erroneous view of the identity of the Asterias 
longipes of Retzius with the Asterias canariensis of @Orbigny had been previously sug- 
gested by Liitken,* and the form was ranked by him as a Scytaster. There is no other 
example belonging to this family in the ‘‘ Porcupine” collection, recerved by me. 

The starfish which bears Gray’s name of Astropecten longipes in the British Museum 
is a Chxtaster longipes; and there appears to be little doubt that this is the form named 
by Gray, notwithstanding the contradictory character of some of the statements in his 
short diagnosis of the species. 


Subfamily Lryckun, Sladen, 1888. 


Genus F’romia, Gray. 


Linckia (pars), Miiller and Troschel, Monatsber. d. k. preuss. Akad. d. Wiss. Berlin, April 1840, 
p. 103. 


Fromia, Gray, Ann. and Mag. Nat. Hist., 1840 (December), vol. vi. p. 286. 
Scytaster (pars), Miller and Troschel, System der Asteriden, 1842, p. 34. 
This genus was removed from the Linckiide by Viguier, and placed in his family 
Goniasteridz ; I prefer, however, to revert to Perrier’s classification of the form amongst 


the Linckiide. The genus is essentially an inhabitant of the tropics, and the type species 
may be regarded as a common form. 


Chorology of the Genus Fromia. 
a. Geographical distribution:— 


Iyp1an Ocean: Three species between the parallels of 30° N. and 30° S. 
Fromia milleporella, from the Red Sea, Mauritius, Madagascar, 
Ceylon, and extending into the Eastern Archipelago and Pacific. 
Fromia tumida, from Ceylon. Fromia indica, exact locality 
unknown ; recorded as “ mers de l’Inde.” 
Eastern ARCHIPELAGO: Two species between the parallels of 10° N. and 10° 8. 
Fromia milleporella, from the Moluccas and Amboina (fide de 
Loriol), extends into the Indian Ocean and also into the Pacific. 
Fromia monilis, from Amboina. 
Depths of the Sea, peelivale 


wo wm 


Videnskab. Medd. naturh. Foren. i Kjobenhavn, for 1864, p. 169. 
Archives de Zool. expér., 1878, t. vii. p. 166. 


bea 
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Paciric: Three species between the parallels of 40° (?) N. and 30° 8. 
Fromia japonica, from Japan. Fromia balanse and Fromia 
milleporella, from New Caledonia, the latter extending into the 
Eastern Archipelago and Indian Ocean. 


8. Bathymetrical range: All the known species are probably confined to shallow water. 
y. Nature of the Sea-bottom; Recorded in few cases. Hromia milleporella on Coral 


reefs. 


Chorological Synopsis of the Species herein mentioned. 


| Ocean. | Range in Fathoms. | Nature of the Sea-bottom. 
| 


| ALAR hes Ase as 
Indian, Eastern Archi- 1| 
{ pelago, and Pacific. | 


Fromia milleporella Shallow water. | Coral reefs. 


1. Fromia milleporella (Lamarck), Gray. 


Asterias milleporella, Lamarck, 1816, Hist. nat. anim. s. vert., t. ii. p. 564. 

Linckia malleporella, Miiller and Troschel, 1840 (April), Monatsber. d. k. preuss, Akad. d. Wiss. Berlin, 
p. 103. 

Fromia milleporella, Gray, 1840 (December), Ann. and Mag. Nat. Hist., vol. vi. p. 286. 

Scytaster pistorius, Miiller and Troschel, 1842, System der Asteriden, p. 35. 

Scytaster milleporellus, Michelin, 1845, Faune de l’[le Maurice, Mag. de Zool., p. 22. 

Linckia (Scytaster) milleporella, v. Martens, 1866, Archiv f. Naturgesch., Jahrg. xxxii., Bd. i. p. 69. 

Linckia pistoria, v. Martens, 1869, v. d. Decken’s Reisen in Ost-Africa, Zool., p. 130. 


Locality.—Kandavu, Fiji Islands. On the reefs. 

Remarks.—These examples, which are rather small, are short in the ray, and notice- 
able for having a number of the abactinal plates near the end of the ray convex and sub- 
tubercular, and bearing two or three granules larger and more prominent than the rest. 


Genus Ophidiaster, Agassiz. 


Ophidiaster, Agassiz, Prod. Monogr. d. Radiaires, Mém. Soc. Sci. Nat. Neuchatel, 1835, t. 1, p. 191. 
Dactylosaster, Gray, Ann. and Mag. Nat. Hist., 1840, vol. vi. p. 283. 

Tamaria, Gray, Ann. and Mag. Nat. Hist., 1840, vol. vi. p. 283. 

? Cistina, Gray, Ann. and Mag. Nat. Hist., 1840, vol. vi. p. 283. 

Hacelia (subgen.), Gray, Ann. and Mag, Nat. Hist., 1840, vol. vi. p. 284. 

Linckia (pars), v. Martens, Archiv f. Naturgesch., 1865, Jahrg. xxxi., Bd. i, p. 351. 


This genus, as limited by Perrier, is a well-defined group, distributed over a wide 
area. Ophidiaster occurs chiefly in tropical seas, and does not extend beyond the warm 


temperate regions ; it is a shallow water form, usually frequenting the Littoral zone. 


(ZOOL. CHALL. EXP.—PART L1.—1888.) 51 


402 THE VOYAGE OF H.M.S. CHALLENGER. 


Chorology of the Genus Ophidiaster. 


a. Geographical distribution :— 
AtLantic: Five species between the parallels of 10° and 45° N. 

*Ophidiaster attenuatus, Ophidiaster lessonx, and *Ophidiaster 
ophidianus, from the Mediterranean, the last named extending to 
the Canary Islands and Cape Verde Islands. Ophadiaster florid, 
from Florida. Ophidiaster guildingiw, from St Thomas, Antilles. 


Inp1an Ocean: Six species between the parallels of 30° N. and 30° S. 
Ophidiaster hemprichi from the Red Sea. Ophidiaster pur- 
pureus, from Mauritius and the Seychelle Islands. Ophidiaster 
duncani, Ophidiaster perriert, Ophidiaster robillardi, and *Ophi- 
diaster cylindricus, from Mauritius, the last named extending into 
the Eastern Archipelago and Pacific. 


Eastern ARCHIPELAGO: Six species between the parallels of 20° N. and 20° S. 

*Ophidiaster cylindricus, from the Moluccas, and extending into 
the Indian Ocean and Pacific. Ophidiaster fuscus, from Migupou. 
Ophidiaster pustulata and Ophidiaster pusillus, from Flores and 
Amboina, the latter also from the Philippine Islands and extending 
into the Pacific. *Ophidiaster tuberifer and *Ophidiaster helicos- 
tichus, from Torres Strait. 

Pactric: Seven species between the parallels of 30° N. and 40° S. 

Ophidiaster agassizi, from Juan Fernandez. Ophidiaster 
gracilis, from the west coast of Columbia. Ophidiaster chinensis, 
off the coast of China. Ophidiaster cribrarius, from the Samoa 
Islands. Ophidiaster germant and Ophidiaster pusillus, from 
New Caledonia, the latter extending into the Eastern Archipelago. 
*Ophidiaster cylindricus, from the Fiji Islands, and extending into 
the Eastern Archipelago and Indian Ocean. 


8. Bathymetrical range; Shallow water to 450 fathoms. 


y. Nature of the Sea-bottom: Recorded in comparatively few cases. Ophidiaster 
attenuatus and Ophidiaster ophidianus were found by the Challenger on Vol 
canic mud, Ophidiaster helicostichus and Ophidiaster tuberifer on Coral mud, 
and Ophidiaster cylindricus on Coral reefs. 


The localities of Lamarck’s species Ophidiaster arenatus and Ophidiaster bicolor are 
unknown, and neither of the forms have been subsequently recognised. 
The species collected by the Challenger are indicated in the foregoing list with an asterisk. 
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Chorological Synopsis of the Species herein mentioned. 


Ocean. | Range in Fathoms. Nature of the Sea-bottom. 
Ophidiaster attenuatus . | Atlantic. 450 | Volcanic mud. 
Ophidiaster cylindricus : esha Leas 2a0Re Shallow water. | On the reefs, 
pelago, and Pacific. | 
Ophidiaster helicostichus . | Eastern Archipelago. 6 | Coral mud. 
Ophidiaster ophidianus . | Atlantic. 450 | Volcanic mud. 
| Ophidiaster tuberifer . . | Eastern Archipelago. 8 | Coral mud. 


1. Ophidiaster attenuatus, Gray. 
Ophidiaster (Hacelia) attenuatus, Gray, 1840, Ann. and Mag. Nat. Hist., vol. vi. p. 284. 
Asterias cortacea, Grube, 1840, Actin. Echin. u. Wiirm. d. Adriat. u. Mittelmeers, p. 22. 
Ophidiaster attenuatus, Miiller and Troschel, 1842, System der Asteriden, p. 29. 
Locality.—Station 75. Between the Islands of Fayal and San Jorge, Azores. July 
2, 1873. Lat. 38° 38’ 0” N., long. 28° 28’ 30” W. Depth 450 fathoms. Volcanic mud. 
Surface temperature 70°:0 Fahr. 


2. Ophidiaster ophidianus (Lamarck), Agassiz. 

Asterias ophidiana, Lamarck, 1816, Hist. nat. anim. s. vert., t. i. p. 567. 
Ophidiaster ophidianus, Agassiz, 1835, Mém. Soc. Sci. Nat. Neuchatel, t. i. p. 191. 
Ophidiaster aurantius, Gray, 1840, Ann. and Mag. Nat, Hist., vol. vi. p. 284. 

Locality.—Station 75. Between the Islands of Fayal and San Jorge, Azores. July 
2, 1873. Lat. 38° 38’ 0” N., long. 28° 28’ 30” W. Depth 450 fathoms. Volcanic mud. 
Surface temperature 700 Fahr. 

Remarks.—I have referred with doubt to this species a single small example which 
measures R=13°5 mm. ‘The specimen is almost too small for accurate determination, but 
the form of the rays and the general character seem to me to be those of the species in 
question. 


3. Ophidiaster cylindricus (Lamarck), Miiller and Troschel. 


Asterias cylindrica (pars), Lamarck, 1816, Hist. nat. anim. s. vert., t. ii. p. 567. 

Ophidiaster cylindricus, Miller and Troschel, 1840 (April), Monatsber. d. k, preuss, Akad. d. Wiss. 
Berlin, p. 103; System der Asteriden, p. 29. 

Dactylosaster cylindricus, Gray, 1840 (December), Ann. and Mag. Nat. Hist., vol. vi. p. 283. 

Lnnckia cylindrica, v. Martens, 1866, Archiy f. Naturgesch., Jahrg. xxxii., Bd. i. p. 85. 

Ophidiaster asperulus, Liitken, 1871, Videnskab. Medd. naturh. Foren. i Kjébenhavn, p. 274, 
tab. v. fig. 4. 


Locality.—Kandavu, Fiji Islands. On the reefs, 
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4, Ophidiaster tuberifer, n. sp. (Pl. LXV. figs. 1-4). 


Rays five. R=48 mm.; r=7 mm. R</7r. Breadth of a ray near the base, 8 mm., 
and 5 mm. broad at about 7 or 8 mm. from the extremity. 

Rays elongate, cylindrical, tapering slightly towards the tip, which is rather obtuse. 
Disk small, slightly convex. Interbrachial arcs subacute. 

The abactinal and marginal plates, which are arranged with great regularity in seven 
longitudinal series, are small and slightly convex, and united by well-defined, slightly 
raised dissepiments. The plates and dissepiments are covered with rather large, rounded 
granules, those on the median region of the plate usually larger. Many of the plates bear 
a single, comparatively large, robust, conical, smooth tubercle, and on the outer part of the 
ray all the plates may be thus furnished, excepting the series on each side of the median 
radial line of plates. Small entrenched pedicellarie of the characteristic figure-of-eight 
form, named by Perrier’ “ pédicellaires en saliére,” are frequent near the margin of the 
plates adjacent to a papular area, but there is much variation in different specimens 
as to the number of pedicellariz present; and the same remark applies to the conical 
tubercles ; on one example scarcely any tubercles are present. 

The papular areas, which are very regular, and subcircular or slightly oval in outline, 
form six longitudinal series. They are slightly depressed, which gives great prominence 
to the plates and dissepiments, and are covered with small rounded granules, smaller than 
those on the plates; there are about ten to twelve papule in each, and occasionally more. 

The actinal intermediate plates are covered with large, uniform, rounded granules, 
larger than those of the marginal plates, the whole so uniform and crowded that it is 
almost impossible to distinguish the separate plates. 

The armature of the adambulacral plates appears to form three series, at least on the 
inner part of the ray. Of the inner or furrow spines there are two to each plate, and 
these form a continuous series along the furrow; they are short, obtuse, compressed 
laterally, and each alternate spinelet is rather larger than its companion. Immediately 
behind the furrow series is a single and rather shorter spinelet or papilliform granule, not 
quite midway between the large and small furrow spines, but rather nearer the former. 
Behind these and opposite the larger furrow spinelet is a robust fusiform spinelet, which 
forms an outer series similar to that found in Ophidiaster generally. In the interspaces 
between these spines small miliary granules are present, which extend up to the furrow 
series, and thus separate the spinelets or papille of the median series also. 

Entrenched pedicellariz similar to those on the abactinal area are present on the 
actinal intermediate plates immediately behind the large outer spines on the adambulacral 
plates. Sometimes a short series, fairly equidistantly spaced, occurs, but often only 
isolated ones are present. The number varies in different examples. 

The madreporiform body, which is rather large and subcircular, is situated near the 

1 Révis. Stell. Mus., p. 125 (Archives de Zool. expér., 1875, t. iv. p. 389). 
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margin of the disk, and its margin prevents the meeting of the lateral series of abactinal 
plates next the median radial series of the two adjacent rays. ‘The striations are fine and 
sharply convoluted, the general trend being more or less regularly centrifugal. The primary 
apical plates on the disk are distinctly discernible. 

The anal aperture is excentric in position, and is closed by a few small, valve-like, 
scutiform plates. 

Colour in alcohol, a light brownish grey on the abactinal surface, mottled with darker 
patches of brown here and there, and with a number of the papular areas marked with a 
much darker shade of brown, the papular areas generally being darker than the plates and 
dissepiments, which gives a very ornate character to the species. The actinal surface is 
a bleached white. 

Locality—Station 186. In Torres Strait, off Cape York. September 8, 1874. Lat. 
10° 30’ 0” S., long. 142° 18’ 0” E. Depth 8 fathoms. Coral mud. Surface temperature 
77°°2 Fahr. 

Remarks.—The nearest ally of this species appears to be Ophidiaster granifer, Liit- 
ken, but it is well distinguished by the six rows only of papular areas, by the great size 
of these and the numerous papule, by the character of the granulation and the presence 
of the large conical tubercles, by the small dumpy pedicellariw, and by the peculiar form 
of the outer spinelets on the actinal surface of the adambulacral plates. The triple series 
of spinelets in the armature of the adambulacral plates recall the same intermediate 
character between Ophidiaster and Linckia as already noted in Ophidiaster granifer by 
Perrier.’ 


5. Ophidiaster helicostichus, n. sp. (Pl. LXIX. figs. 5-7). 


Rays five. R=130 mm.; r=12°5 mm. R=10-47. Breadth of a ray near the 
base, 13°5 mm. 

Rays elongate and tapering gradually to the extremity. Disk small and slightly 
convex. Interbrachial arcs subacute. 

The abactinal and marginal plates, which are arranged with great regularity, form seven 
longitudinal series. The plates of the median series are rather larger than the others, which 
are small in comparison to the size of the starfish, and all are united by broad, sharply de- 
fined dissepiments. The surface of the plates is very slightly convex, and is covered with a 
small, rounded, closely packed, and nearly uniform granulation, excepting round the margin 
of the papular areas where it is extremely small. None of the plates bear large granules 
or tubercles. Smal] entrenched pedicellarie of the figure-of-eight form are occasionally 
present on the plates near the margin of the papular areas, but are not numerous. 

The papular areas, which are large and rather deeply sunken, are subcircular or oval 


1 Révis, Stell. Mus., p. 128 (Archives de Zool. expér., 1875, t. iv. p. 392). 
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in outline and form eight regular longitudinal series, the abactinal series on each side being 
much smaller than the others, gradually diminishing as they proceed along the ray and 
dying out altogether between the outer fourth and fifth of the ray. They are covered with 
small papilliform, almost spiniform or scutiform, granules, which are so arranged round the 
papular orifices that they trend over the apertures and appear to protect them almost in 
a valve-like manner. This produces the appearance of the area being occupied by a 
number of rosette-like bodies not very unlike the valvate pedicellariz found in some 
forms of Archasteride. The papulze are numerous, varying in number from ten to 
twenty. 

The actinal intermediate plates are covered with large, rather irregular, rounded 
granules, which are larger than those on the marginal plates. At least three series of 
plates may be counted between the marginal and adambulacral plates at the base of the 
ray, a slight convexity of the plate and a depression at the angles assisting in the discern- 
ment of the plates. : 

The armature of the adambulacral plates is disposed in two series, in conformity with 
the usual arrangement in Ophidiaster. Of the inner or furrow series there are two 
spinelets to each plate, one much larger than the other, and these form a continuous 
uniserial series along the furrow, large and small spinelets alternating. The larger spinelet 
is very short, broad, expanding towards the tip, and obtusely rounded. It has the appear- 
ance at first sight of being compressed laterally, but when examined carefully with a 
magnifying-glass a median keel is seen on the outer surface which gives the papilla a 
subprismatic form, more or less subtriangular in section. The small alternating spinelets 
are much smaller, and little more than scutiform granules. The outer series of spinelets are 
placed close behind the furrow series, one standing opposite each of the small spinelets of 
the furrow series. They are small for the genus in comparison to the size of the starfish, 
but are robust, fusiform, compressed and almond-shaped ; becoming on the outer part of 
the ray more conical and wider apart, appearing only to occur there on alternate plates. 
The interspaces between the spinelets of this series are occupied by small papilliform 
granules rather smaller than those on the actinal intermediate plates generally. Small 
entrenched pedicellarize are occasionally present on the actinal intermediate plates im- 
mediately external to the outer spinelet of the adambulacral plates, and also, but apparently 
more rarely, on the other intermediate plates. A number of the pedicellarice adjacent to 
the adambulacral spines are remarkable for the very large bosses present on each side of 
the constricted part of the figure-of-eight, much larger than any of the adjacent granules. 
The similarly-placed bosses on the pedicellarize in the abactinal area are very small. 

The madreporiform body is large and circular, and marked with very fine striations. 
It is situated external to a primary basal plate, and its lower margin masks the union 
of the two innermost plates of the lateral series of abactinal plates next the median 
radial series of the two adjacent rays. The granules on the plates which touch the lower 
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half of its margin are more papilliform than the other granules on the abactinal plates 
generally. 

The anal aperture is small and excentric in position, and is surrounded by a number 
of small scutiform papillae, which trend over the orifice. 

The primary apical plates are very conspicuous. 

Colour in alcohol, a brownish white, mottled with patches on the abactinal area of a 
light chocolate colour. All the papular areas are a dark greyish brown. This distribution 
of colour produces a very ornate appearance. ‘The actinal surface is yellowish white. 

Locality.—Station 187. Booby Island, Torres Strait. September 9,1874. Lat. 10° 
36’ 0” §., long. 141° 55’ 0” KE. Depth 6 fathoms. Coral mud. Surface temperature 
77°°¢ Eahr. 

Remarks.—This large and elegant form is distinct from any other species with which 
I am acquainted. It resembles in some of its details Ophidiaster tuberifer, but is readily 
distinguished by the larger size, the tapering rays, the absence of tubercles on the 
abactinal plates, the small size of the granulation on the abactinal plates, the peculiar 
character and disposition of the granulation of the papular areas, the difference in the 
adambulacral armature (which in Ophidiaster helicostichus is in two series, whereas in 
Ophidiaster tuberifer three series are present), and in the presence of the large-bossed 
pedicellariz. The pedicellariz generally are, if anything, smaller in the species under 
notice than in Ophidiaster tuberifer. 


Genus Leiaster, Peters. 


Leiaster (subgen.), Peters, Monatsber. d. k. preuss. Akad. d. Wiss. Berlin, April 1852, p. 177. 

Lepidaster, Verrill, Trans. Conn, Acad. Arts and Sci., 1871, vol. i. part 2, p. 577 (non Lepidaster, Forbes, 
1850). 

Ophidiaster (pars), Perrier, Révis. Stell. Mus., p. 121 (Archives de Zool. expér., 1875, t. iv. p. 385). 


This small group of species, although distinctly allied to Ophidiaster, appears to me 
worthy of generic recognition. The soft thick skin with which they are covered causes 
them to have a gelatinous or slimy character to the touch when alive, and this together 
with minor differences of structure produces a facies altogether different from that 
of any of the species of true Ophidiaster. Von Martens’ and de Loriol® have both 
expressed the same opinion. Lezaster, as at present known, is confined to the Indian Ocean, 
the Eastern Archipelago, and the Pacific, and appears to be local in its occurrences. 


Chorology of the Genus Leiaster. 
a. Geographical distribution :— 
Inp1an Ocean: Three species between the parallels of 10° and 30° S. 
Levaster coriaceus and Leiaster glaber, from Querimba Island. 
Leiaster coriaceus and Leiaster leachii, from Mauritius. 


1 Archiv f. Naturgesch., Jahrg. xxxii., Bd. i. p. 71. 
2 Mém. Soc. phys. hist. nat. Genéve, t. xxix. p. 40. 
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HAsTERN ARCHIPELAGO: One species between the parallels of 0° and 20° S. 
Leiaster speciosus, from Flores, and extending into the Pacific. 


Paciric: Two species between the parallels of 30° N. and 30° 8. 
Leiaster teres, from California. Leiaster speciosus, from the Fiji 
Islands, and extending into the Hastern Archipelago. 


8. Bathymetrical range: All the species appear to be confined to shallow water. 


y. Nature of the Sea-bottom: Leiaster speciosus on Coral reefs. 


Chorological Synopsis of the Species herein mentioned. 


Ocean. Range in Fathoms. Nature of the Sea-bottom. 


ee 
Letaster speciosus . : : Pacific. Shallow water. Coral reefs. 
| 


1. Levaster speciosus, v. Martens. 

Leiaster speciosus, v. Martens, 1866, Archiv f. Naturgesch., Jahrg. xxxii., Bd. i. p. 70. 

Locality.—Kandavu, Fiji Islands. On the reefs. 

femarks.—The form which I have referred to this species is very nearly allied to 
Levaster leachii, Gray ; indeed the characters are almost identical. The rays, however, 
are broader, and pedicellarize are present as in von Martens’ species, but not nearly so 
numerous as in his type. 

The skin which covers the whole of the animal in this species is remarkably thick and 
leathery ; and Dr von Martens informs me that, in the case of his example from Flores, 
it was slimy and disagreeable to the touch when the animal was alive. 

On a few of the inner series of spinelets on the adambulacral plates, on the inner 
part of the furrow, a slight trace of channelling may be detected here and there, but it is 
so faint that it has almost the appearance of having been obliterated by growth. 


Genus Linckia, Nardo. 


Linkia, Nardo, De Asteriis, Oken’s Isis, 1834, p. 717. 
Ophidiaster (pars), Miiller and Troschel, Monatsber. d. k. preuss. Akad. d. Wiss. Berlin, April 1840, 
p- 103. 


Linckia, Gray, Ann. and Mag. Nat. Hist., Dec. 1840, vol. vi. p. 284. 
Acalia (subgen.), Gray, Ann, and Mag. Nat. Hist., 1840, vol. vi. p. 285. 
This well-known and essentially tropical genus presents a wide area of distribution, 
but is not known to extend beyond the 40th parallel north and the 30th parallel south 
of the Equator. Notwithstanding its ereat dispersion the genus maintains a remarkable 


uniformity of facies, and exhibits an extraordinarily small amount of morphological 
plasticity. 


‘oe 
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Chorology of the Genus Linckia. 


a. Geographical distribution :-— 
AtLantic: Three species between the parallels of 40° N. and 20° S. 
Linckia bowwiert and *Linckia guildingu, from the Cape Verde 
Islands, and the latter also from the Bermudas, Antilles, Abrolhos 
reefs, Vera Cruz, and Bahia. Linckia nodosa from Tortugas. 


Inpian Ocean: Six species between the parallels of 30° N. and 30° §. 

Linckia ehrenbergu, *Linckia miliaris, and Linckia multifora, 
from the Red Sea and Mozambique ; the last two from Mauritius, 
and Linckia miliaris also from Zanzibar; both extend into the 
Eastern Archipelago and Pacific. Linckia erythrea is reputed to 
be from the Red Sea. Linckia marmorata and *Linckia pacifica 
from Mauritius ; the former is also recorded with doubt from Port 
Molle, Australia (fide Bell); Linckia pacifica also occurs off the 
Nicobar Islands and extends into the Pacific. 


Eastern ARCHIPELAGO: Three species between the parallels of 20° N. and 20° S. 
*Tinckia miliaris, from Flores, Timor, Celebes, Batjan, the Philip- 
pine Islands and North Australia, and extending into the Indian 
and Pacific Oceans. Linckia multifora, from Flores, Celebes, 
Amboina, and extending into the Indian and Pacific Oceans. 
Linckia rosenbergi, a doubtful species from Amboina. 


Paciric: Three or perhaps four species between the parallels of 30° N. and 30° S. 
*Linckia miliaris and Linckia multifora, from New Caledonia, 
and extending into the Eastern Archipelago and Indian Ocean; the 
latter species is also found at the Sandwich Islands. *Lincha 
pacifica, from Tahiti and Samoa, and extends into the Indian Ocean. 
Linckia columbix, from the west coast of Columbia. 


8. Bathymetrical range: All the species are confined to shallow water. 


y. Nature of the Sea-bottom: Recorded in very few instances: frequently on coral 
reefs. 
The localities of the following species are unknown, and the species themselves are of 


extremely doubtful value :— 


Linckia franciscus, Nardo. | Linckia intermedia, Gray. | Linckia pulchella, Gray. 


The species collected by the Challenger Expedition are indicated by an asterisk. 
(ZOOL. CHALL. EXP.—PART LI.—1888.) 52 
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Chorological Synopsis of the Species herein mentioned. 


Ocean. Range in Fathoms. | Nature of the Sea-bottom. 


Linckia guildingu . : Atlantic. 

Indian, Pacific, and 
{ Eastern Archipelago. \ 
| Linckia pacifica, var. diplax Indian and Pacific. Shallow water. Coral reefs. 


Linckia miliaris Shallow water. | Coral reefs. 


1. Linckia guldingu, Gray. 
Linckia Guildingti, Gray, 1840, Ann. and Mag. Nat. Hist., vol. vi. p. 285. 
Ophidiaster ornithopus, Miller and Troschel, 1842, System der Asteriden, p. 31. 
Scytaster stella, Duchassaing, 1850, Anim. Radiaires des Antilles, p. 4. 
Linckia ornithopus, Verrill, 1871 (1867), Trans. Conn. Acad. Arts and Sci., vol. i. part 2, p. 344. 


Locality—Porto Praya, St Jago, Cape Verde Islands. Depth and conditions not 
recorded. 


2. Linckia miliaris (Linck), v. Martens. 


Pentadactylosaster miliaris, Linck, 1733, De Stellis marinis, p. 34, tab. xxviii. No. 47. 

Asterias levigata ( pars), Linné, 1766, Systema Nature, ed. xii, p. 1100. 

Linkia typus, Nardo, 1834, De Asteriis, Oken’s Isis, p. 717. 

Ophidiaster levigata, Miller and Troschel, 1840, Monatsber. d. k. preuss. Akad. d. Wiss. Berlin, April 
1840, p. 103. 

Linckia Brownii, Gray, 1840, Ann. and Mag. Nat. Hist., vol. vi. p. 285. 

Linckia crassa, Gray, 1840, Ann. and Mag. Nat. Hist., vol. vi. p. 284. 

Ophidiaster miliaris, Miller and Troschel, 1842, System der Asteriden, p. 30. 

Ophidiaster clathrata, Grube, 1864, Jahresber. Schles. Gesellsch. Vaterl. Cultur, p. 51. 

Linckia miliaris, v. Martens, 1866, Archiv f. Naturgesch., Jahrg. xxxii. Bd. 1. p. 64. 

Linckia levigata, Liitken, 1871, Videnskab. Medd. naturh. Foren. i Kjgbenhavn, p. 267. 


Localities—Kandavu, Fiji Islands. On the reefs. 
Zebu, Philippine Islands. On the reefs. 


3. Linckia pacifica, var. diplax (Miiller and Troschel). 


Linckia pacifica, Gray, 1840, Ann. and Mag. Nat. Hist., vol. vi. p. 285. 

Ophidiaster diplax, Miller and Troschel, 1842, System der Asteriden, p. 30. 

1 Ophidiaster irregularis, Perrier, 1869, Ann. Sci. Nat., 5e Série, t. xii. p. 253. 

Linckia nicobarica, Liitken, 1871, Videnskab. Medd. naturh. Foren. i Kjgbenhavn, p. 265. 


Localities—Tongatabu. Depth and conditions not recorded. 
Kandavu, Fiji Islands. On the reefs. 
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Genus Nardoa, Gray, emend. 


Linckia (pars), Miiller and Troschel, Monatsber. d. k. preuss. Akad. d. Wiss. Berlin, 1840, April, p. 103. 
Nardoa, Gray, Ann. and Mag. Nat. Hist., 1840, Dec., vol. vi. p. 286. 

Gomophia, Gray, Ann. and Mag. Nat. Hist., 1840, Dec., vol. vi. p. 286. 

Scytaster (pars), Miiller and Troschel, System der Asteriden, 1842, p. 34. 

Ophidiaster (pars), Miiller and Troschel, System der Asteriden, 1842, p. 28. 

Scytaster (pars), Liitken, Videnskab. Medd. naturh. Foren. 1 Kjobenhayn, 1864, p. 163. 


The limits of the genus to which I have restored Gray’s name of Nardoa are the same 
as those recognised by Perrier under the name of Scytaster. I fail to see the justice of 
the grounds on which Gray’s name has been ignored by preceding writers. The following 
statements give the history of the case. In 1834 Nardo’ established the genus Linckia, 
including in it three species, Linckia typus, Linckia franciscus, Linckia variolosa (err. 
typ. for variolata). In 1835 Agassiz? maintained the genus exactly as named and 
constituted by Nardo. In April 1840 Miiller and Troschel® correctly discerned that the 
last of the three species above mentioned (Linckia variolata) represented a different 
generic type from the other two; but they erroneously referred Linckia typus (and 
subsequently in 1842 Linckia franciscus) to the genus Ophidiaster established by Agassiz 
in 1835, leaving only Linckia variolata in the genus Linckia, which they modified (by 
implication) for the reception of the form now known as Fromia mulleporella. In 
December 1840 Gray * published the concluding part of his Synopsis of the Genera and 
Species of Starfish, and in this work the genus Linckia of Nardo is maintained, and the 
two species Linckia typus and Linckia franciscus duly referred to it. For the third 
species mentioned by Nardo, ‘ Linckia” 
the name of Nardoa. This course was perfectly correct and justifiable, and there could 


variolata, Gray established a new genus under 


be no doubt or possible ambiguity about the type, as the species had been known and 
figured for more than a century. 

In 1842 Miiller and Troschel, in their classical work, System der Asteriden, unfortu- 
nately ignored altogether these clearly established genera, discarded Linckia as restricted 
by themselves two years previously, and proposed a new name, Scytaster, for a genus, the 
type of which was the Nardoa variolata of Gray (the Linckia variolata of Nardo), and 
associated with it species which are now recognised as the representatives of two other 
genera. This step appears to me to have been altogether unwarrantable. 

Liitken ® in 1864 and 1871 limited the scope of the genus Scytaster, and Perrier ® still 
further in 1875. Scytaster as now understood is quite different in its scope from the 

1 De Asteriis, Oken’s Isis, 1834, Heft vil. p. 717. 

2 Mém. Soc. Sci. Nat. Neuchatel, t. i. p. 191. 

3 Monatsber. d. k. preuss. Akad. d. Wiss. Berlin, April 1840, p. 103. 

4 Ann. and Mag. Hist., vol. vi. p. 284. 

> Videnskab. Medd. naturh. Foren. i Kj¢benhavn, for 1864, p. 163; for 1871, p. 279. 
6 Reéyis. Stell. Mus., p. 156 (Archives de| Zool. expér., 1875, t. iv. p.! 420) 
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genus conceived by Miller and Troschel, and there is consequently no excuse on the 
ground of long established usage to set against the duty of restoring Gray’s name of 
Nardoa. It is a simple act of justice, which cannot in honesty be passed over, as well as 
a means of keeping before naturalists the name of one whose work is worthy of remem- 
brance. The use of the name in 1862 for a genus of Protozoa is no valid reason in my 
opinion against restoring Nardoa to its original signification. 


Chorology of the Genus Nardoa. 
a. Geographical distribution :— 
InpIAN OcEAN: Four species between the parallels of 30° N. and 30° S. 
Nardoa variolata and Nardoa xgyptiaca, from the Red Sea and 
Mauritius, the former also from Mozambique, Rodriguez, and Ceylon, 
‘and the latter extending into the Pacific. Nardoa galathex, from 
the Nicobar Islands, and extending into the Eastern Archipelago. 
Nardoa nove-caledonie, from Ceylon (fide Bell), and extending 
into the Pacific. 
EasteRN ARCHIPELAGO: Five species between the parallels of 20° N. and 20° S. 
Nardoa galathex, from Togean Island, and extending into the 
Indian Ocean. Nardoa pauciforis, from Flores. Nardoa tuber- 
culata and Nardoa obtusa, from the Philippine Islands. Nardoa 
semiregularis, from Java, and extending into the Pacific. 


Paciric: Five species between the parallels of 40° N. and 30° 8. 
Nardoa xgyptiaca, from the Samoa Islands (also from the Fiji 
Islands and Sandwich Islands, fide Perrier), and extending into the 
Indian Ocean. Nardoa nove-caledonie and Nardoa gomophia, 
from New Caledonia, the former also from Ceylon (fide Bell). 
Nardoa semiregularis, from Japan, and extending into the Eastern 
Archipelago. Nardoa semiseriata, off the southern coast of China. 


8. Bathymetrical range: All the species are confined to shallow water. Nardoa 
senuservata in 40 fathoms. 


y- Nature of the Sea-bottom: Recorded in few instances. Nardoa tuberculata on 
coral reefs. 


Chorological Synopsis of the Species herein mentioned. 


Ocean. Range in Fathoms. Nature of the Sea-bottom. 


Nardoa tuberculata . ; Eastern Archipelago. Shallow water. Coral reefs. 
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1. Nardoa tuberculata, Gray. 


Nardoa tuberculata, Gray, 1840, Ann. and Mag. Nat. Hist., vol. vi. p. 287. 
Ophidiaster tuberculatus, Miiller and Troschel, 1842, System der Asteriden, p. 32. 
Scytaster tuberculatus, Liitken, 1865, Videnskab. Medd. naturh. Foren. i Kjobenhayn, 1864, 
p. 163. 
Linckia tuberculata, v. Martens, 1866, Archiv f. Naturgesch., Jahrg. xxxii, Bd. i. p. 61. 
Localities—Samboangan, Philippine group. Depth 10 fathoms. 
Zebu, Philippine Islands, On the reefs. 


Genus Narcissia, Gray. 


Narcissia, Gray, Ann. and Mag. Nat. Hist., 1840, vol. vi. p. 287. 
Scytaster (pars), Dujardin and Hupé, Hist. Nat. Zooph. Echin. (Suites 4 Buffon), 1862, p. 368. 


Although the differences presented by this form from the typical species of Nardoa are 
comparatively slight, their character and constancy appear to me sufficient to warrant the 
recognition of the genus as established by Gray. 

An interesting additional species was obtained by the Challenger off the coast of Brazil. 


Chorology of the Genus Narcissia. 
a, Geographical distribution :— 
ATLANTIC: Two species between the parallels of 40° N. and 20° S. 


Narcissia canariensis, off the Canary Islands and Cape Verde 
Islands. Narcissia trigonaria, off Bahia, Brazil. 


6. Bathymetrical range: Not recorded. 
y. Nature of the Sea-bottom: Not recorded. 


Chorological Synopsis of the Species. 


Ocean. Range in Fathoms. Nature of the Sea-bottom. 
Narcissia canartensis . : Atlantic. 
Narcissia trigonaria . : Atlantic. 


1. Narcissia canariensis, dOrbigny, sp. 
Asterias canariensis, @’Orbigny, 1839, in Webb and Berthelot, Hist. Nat. Iles Canaries, t. ii., 2e partie, 
Zoologie, p. 148; Echin., pl. i. figs. 8-15. 
Narcissia Teneriffe, Gray, 1840, Ann. and Mag. Nat. Hist., vol. vi. p. 287. 
Scytaster canariensis, Dujardin and Hupé, 1862, Hist. Nat. Zooph. Echin. (Suites & Buffon), p. 368. 


Locality.—St Vincent, Cape Verde Islands. Depth and conditions not recorded. 


Remarks,—On the marginal plates of the example which I have referred to this 
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species are a few entrenched pedicellariz, isolated, and at wide intervals apart. I am not 
aware that the presence of these organs has been noticed previously in this form. 


2. Nareissia trigonaria, n. sp. (Pl. LXV. figs. 5-8). 

Rays five. R= 62mm.;7=13mm. R= 4757. Breadth of a ray between the 
third and fourth infero-marginal plates, 12°5 mm. 

Rays elongate, but much shorter than in Narcissia canariensis, rather broad, distinctly 
triangular in section, with a strongly-marked median keel, in which there is a con- 
spicuous break at the base of the ray, separating the keel of the ray from the elevated 
part of the disk. The sides of the keel slope regularly to the margin. The actinal area 
is plane, rounded at the margin. ‘The interbrachial arcs are subacute. 

The abactinal plates are large along the keel on the inner half of the ray, somewhat 
irregular, and with a tendency to become tubercular. All the plates are covered with a 
minute, uniform granulation. The papule are single and isolated. 

The marginal plates are well-defined and slightly convex. There are about thirty- 
seven infero-marginal plates between the median interradial line and the extremity. 
Papulz are present, either singly or in pairs, between the infero-marginal and supero- 
marginal plates along the inner half of the ray, but do not occur on the outer half. Well- 
defined narrow channels are present between neighbouring plates. 

The armature of the adambulacral plates is disposed in three series, each normally with 
four short papilliform spinelets. The spinelets of the inner or furrow series, which are the 
longest, are subequal, slightly flattened, broader at the tip than at the base, and obtusely 
rounded : they form a slightly radiating comb on the furrow margin. The second series, 
which is likewise composed of four or occasionally five spinelets, forms an obliquely 
disposed line, the adoral extremity being more remote from the furrow. Three of the 
spinelets are broader and more robust than the furrow series, are broad, flaring, and obtuse 
at the tip, with a tendency to assume more or less of a subprismatic shape ; the adoral 
spine is much smaller than the others, and might often be counted with the outer series. 
The outer series are small, irregular, subprismatic papillee, which may be pointed or chisel 
edges at the tip; they are little more than granules, and very slightly larger than the 
granules on the adjacent intermediate plates. 

One longitudinal series of actinal intermediate plates extends nearly to the extremity 
of the ray. The actinal interradial regions of the disk are small, and, although there are 
four intermediate plates on each side of the median interradial line, the series they repre- 
sent do not extend beyond the base of the rays, the fifth infero-marginal plate being con- 
tingent on the first series of intermediate plates above-mentioned. The plates of the first 
series of intermediate plates are well defined by intervening channels. The granules on 
the intermediate plates are rather larger than those on the marginal plates and are 
distinctly spaced. There do not appear to be any papule on the actinal surface. 
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The madreporiform body is small and subtriangular in form, the angles of the triangle 
being rounded. It is situated rather nearer the centre than midway between that point 
and the margin, and lies within the steep declivity of the median interradial line. The 
striz upon its surface are very fine and show much convolution. The anal aperture is 
distinct and excentric in position, being situated by the side of the large dorso-central plate. 

Colour in alcohol, a bleached yellowish grey. 

Locality.—Off Bahia. Depth and conditions not recorded. 

Remarks.—This species may be distinguished from Narcissia canariensis by the 
shorter and broader rays, by the tubercular character of the abactinal plates on the 
median keel of the rays, by the large size and convexity of the marginal plates, as well 


as by the difference in the adambulacral armature. The two forms are, however, closely 
allied. 


Subfamily Merroprrin&, Sladen, 1888. 


Genus Metrodira, Gray. 


Metrodira, Gray, Ann. and Mag. Nat. Hist., 1840, vol. vi. p. 282. 
Scytaster (pars), Miiller and Troschel, System der Asteriden, 1842, p. 34. 


The aberrant characters of this genus have led me to place it in a distinct subfamily. 
Its external facies and general structure appear to indicate an intermediate position 
between the Linckiide and Echinasteride, but a knowledge of its internal anatomy, 
which unfortunately the material at my disposal does not enable me to supply, is desirable 
before the relationships of Metrodira can be more critically discussed. 


Chorology of the Genus Metrodira. 


a. Geographical distribution :— 


EastERN ARCHIPELAGO: One species between the parallels of 20° N. and 20° S. 
Metrodira subulata, from Migupou and Torres Strait, and ex- 
tending into the Pacific. 


Pactric: Two species between the parallels of 30° (?) N. and 50° 8. 
Metrodira subtilis, off the coast of China. Metrodira subulata, 
from George Sound, New Zealand, and extending into the Eastern 
Archipelago. 


8. Bathymetrical range: Probably confined to Shallow water. Metrodira subulata 
in 8 fathoms. 


y. Nature of the Sea-bottom : Metrodira subulata on Coral mud. 
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Chorological Synopsis of the Species herein mentioned. 


| 
Ocean. | Range in Fathoms. Nature of the Sea-bottom. 


Metrodira subulata . A Eastern Archipelago. | 8 Coral mud. 


1. Metrodira subulata, Gray. 


Metrodira subulata, Gray, 1840, Ann. and Mag. Nat. Hist., vol. vi. p. 282. 
Scytaster subulatus, Miiller and Troschel, 1842, System der Asteriden, p. 36. 


Locality.—Station 186. In Torres Strait, off Cape York. ‘September 8, 1874. Lat. 
10° 30’ 0” S., long. 142° 18’ 0” E. Depth 8 fathoms. Coral mud. Surface tempera- 
ture 77°°2 Fahr. 


Family ZoROASTERID A, Sladen, 1888. 


The genus Zoroaster was originally classified by Sir Wyville Thomson" in the 
Asteriide. It was subsequently referred by Perrier’ to the family Pedicellasteride, 
established by him in 1884. In the following year, 1885, it was, however, removed by 
Perrier * into the new family Stichasteride. In my opinion Zoroaster and its allies are 
very far removed from Pedicellaster, and, although in some of their characters they 
approach much more nearly Stechaster, I consider that the details of their structure 
justify the establishment of an independent family. 

I include in this family the genera Zoroaster, Cnemidaster, and Pholidaster. 


Genus Zoroaster, Wyville Thomson. 
Zoroaster, Wyville Thomson, The Depths of the Sea, 1873, p. 154. 


Disk small. Rays long, narrow, tapering throughout, arched abactinally and with a 
more or less definite median keel, tumid actinally. Interbrachial arcs acute. 

Abactinal, marginal, and actinal intermediate plates arranged in regular longitudinal 
lines along the ray. Regular transverse series are also formed, the plates being corre- 
spondent and equal in length in each series as they proceed along the ray, excepting the 
plates in the median series, which are larger, The surface of all the plates is covered with 
small widely-spaced granules, upon which are articulated small, papilliform, skin-covered 
spinelets. A small robust conical spine may be borne on the plates of the median series, 

1 The Depths of the Sea, 1873, p. 154. 


? Nouv. Archives Mus. Hist. Nat., 2e Série, t. vi. p. 167 and p. 195. 
3 Ann. Sct. Nat. (Zool.), 1885, t. xix., art. No. 8, p. 15. 
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the supero-marginal series, and sometimes on the intermediate abactinal series of plates ; 
and one or more longer, delicate, tapering spines are usually present on each of the actinal 
intermediate plates. 

Adambulacral plates small and quite within the furrow, and each alternate plate may 
be produced and form a prominent ridge which extends far into the furrow (this character 
probably only fully developed in the adult). Adambulacral armature consisting of several 
elongate spines placed in single file along the edge of the ridge; and one or two small 
ciliary spinelets at the extreme edge of the plate. The intermediate non-prominent 
plates bear only this small group of ciliary spinelets, and are devoid of spines on the 
surface of the plate within the furrow. 

Madreporiform body small and inconspicuous, placed external to an interradial (basal) 
plate. 

Anal aperture small, excentric, surrounded by a circlet of small ciliary spines. 

Small forficiform pedicellarize are present on the abactinal surface, one or occasionally 
two being borne on the membrane in each mesh punctured by the papule. Several small 
forficiform pedicellariz are attached by membrane to the innermost spine of the armature 
of the adambulacral plates. 

Ambulacral tube-feet small, with a fleshy terminal disk ; forming four rows. 

Remarks.—This genus was known hitherto only from the Atlantic ; a new form has, 
however, been added by the Challenger from the Eastern Archipelago. All the species 
are from great depths. 


Chorological Synopsis of the Genus Zoroaster. 
a, Geographical Distribution :— 


ATLANTIC: Five species between the parallels of 60° N. and 10° S. 

*Zoroaster fulgens, in the Faerde Channel, off the coast of 
Morocco, and the Sahara; off the coast of North America; and off 
Pernambuco. Zoroaster longicauda, off the Azores, Senegal, and 
the Sahara. Zoroaster diomedez, otf the coast of North America. 
Zoroaster ackleyi and Zoroaster sigsbeer, from the Gulf of Mexico, 
the former off Montserrat and Santa Cruz, the latter off St Kitts, 
and in lat. 28° 42’ N., long. 88° 40’ W. (The reference of Zoroaster 
sigsbeer to this genus seems to me doubtful.) 


PaciFic: One species between the parallels of 0° and 10° S. 
* Zoroaster tenurs, off the coast of New Guinea. 


8. Bathymetrical range: 38 to 2326 fathoms. 
Zoroaster fulgens, Zoroaster longicauda, and Zoroaster tenuis are confined 
to the Abyssal zone. Zoroaster diomedew extends from the Littoral zone 
(ZOOL. OHALL. EXP.—PART LI.—1888.) 53 
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into the Abyssal zone. Zoroaster ackleyx and Zoroaster sigsbeet do not 

extend below the Continental zone, but the former is also found in the deep 

water of the Littoral zone. ; 
Greatest range of one species: Zoroaster diomedex, 38 to 1555 fathoms. 


y. Nature of the Sea-bottom: Zoroaster fulgens and Zoroaster tenwis on Blue mud, 
the former was also found on Red mud off Pernambuco (in 675 fathoms). 
Zoroaster diomedex on Globigerina ooze. Zoroaster ackleyi on coarse sand 
and broken shells. Zoroaster sigsbeez on fine sand. 

The species collected by the Challenger are indicated in the foregoing list by an 

asterisk. 


Chorological Synopsis of the Species herein mentioned. 


| 

Ocean. Range in Fathoms. Nature of the Sea-bottom. 

Zoroaster fulgens : : Atlantic. 500 to 1350. Blue mud; Red mud. 
Zoroaster tenuis . : é Pacific. 1070. Blue mud. 


1. Zoroaster fulgens, Wyville Thomson (Pl. LXVI. figs. 1 and 2; Pl. LXVIII. figs. 
1 and 2). 
Zoroaster fulgens, Wyville Thomson, The Depths of the Sea, 1873, p. 154, fig. 26. 


Rays five. R=125 to 130 mm.; r=14to15mm. R>85r. Breadth of a ray at 
the base, 17 mm. 

Rays very long, narrow, subcylindrical, and tapering throughout to a finely pointed 
extremity ; arched on the abactinal surface, and tumid on the actinal surface on each 
side of the furrow, which is deeply sunken. Interbrachial arcs acute. 

The disk is rather higher than the rays and slightly tumid. The calcareous skeleton of 
the whole test is formed of suboval or subhexagonal plates, disposed in perfectly regular 
longitudinal and transverse series. The following is the arrangement they present. 
Surrounding a dorso-central and five small radially placed under-basal plates, are five 
large basal plates interradial in position ; and outside and alternating with these are five 
similar but rather smaller radially placed plates, the primary radials. Outward from each 
of the radial plates proceeds a longitudinal series of plates which extends along the median 
abactinal line of the ray, each plate regularly subhexagonal in form, and touching or 
shghtly imbricating upon its next serial companion. On each side of this median line of 
plates is a parallel line of smaller plates, and these are succeeded by a series of plates 
nearly equal in size to those of the median line ; the outer of these lines standing on the 
convexity which separates the abactinal and lateral areas of the ray. Between this series 
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of supero-marginal plates and the adambulacral plates are five longitudinal and parallel 
series of plates, the three upper rows forming the sides of the ray and the two lower being 
on the tumid actinal surface. The plates of the two upper rows of the lateral series are 
broader than those in the three lower series. The longitudinal arrangement of all the 
series is perfectly regular, and the plates diminish gradually in size as they proceed out- 
ward. Excepting the median radial line, the plates of all the other rows form regular 
transverse, as well as longitudinal series. The plates of the median radial line are slightly 
larger than the others and consequently do not correspond. All the plates are contiguous, 
but leave a small diamond-shaped or subcircular mesh between the rounded corners of 
adjoining plates. This is covered with membrane, through which one or more small 
papulz proceed, and on which are usually borne one, or occasionally two, small forficiform 
pedicellaria. The meshes form perfectly regular longitudinal lines, and this character, as 
well as their presence, is rendered more conspicuous by the slightly tumid surface of the 
plates. The surface of all the plates is studded with a number of small, uniform, well- 
spaced, miliary granules, on which are articulated very short ciliary spinelets thinly 
covered with membrane. The plates of the median radial series are submammillated, rising 
to a small but definite tubercle in the middle, which gives attachment to a short, robust, 
conical spinelet, the surrounding portions of the plate being covered with the same small 
miliary granules and spinelets as the other plates. The supero-marginal plates are usually 
similarly mammillated and spined, and in fully grown examples the large interradial plates 
on the disk and the series of intermediate plates between the median and the supero- 
marginal series may also bear a spine. The spines on the intermediate series of plates 
are, however, by no means regular or constant. 

On the plates of the three rows of actinal intermediate plates, which succeed the 
adambulacral plates, there are usually one to three spinelets much longer and more robust 
than the accompanying miliary spinelets. These are naked, delicate, cylindrical, and 
taper to a fine extremity, and are generally arranged in slightly oblique lines, with the 
middle spine often more forward and longest when three are present, near the lower margin 
of the plate ; they are also directed upward and appressed to the ray. The next row on 
the sides of the ray, 2.e., the fourth series of actinal intermediate plates from the adam- 
bulacral plates has one larger spine on each plate of equal size to those just mentioned. 

The adambulacral plates are quite within the furrow, and are short but broad, extend- 
ing far upward almost vertically. Each alternate plate is developed into a thin prominent 
ridge, which extends far into the furrow and entirely separates neighbouring tube-feet, 
whereas the intermediate plates are smooth, and appear to.form the true furrow wall. 
The armature of the prominent. adambulacral plates consists of four spines, which are 
moderately long, cylindrical, and slightly tapering, placed in single file at intervals along 
the edge of the ridge, the innermost being usually the most delicate, and the outermost 
usually the shortest. Two to five small forficiform pedicellariz are attached by membrane 
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to the extremity of the delicate innermost spine. One or two small ciliary spines may 
be present on the extreme outer edge of the adambulacral plate, adjacent to the first 
longitudinal row of intermediate plates ; and two or three similar small spines are present 
in the same position at the outer edge of the non-prominent intermediate adambulacral 
plates, but no spines whatever are present on the surface of these plates within the 
furrow. 

The actinostome is deeply depressed, and the mouth-plates are entirely within the 
cavity, and are not apposable. Their armature consists of pointed, moderately robust 
spines similar to the larger spines on the ridges of the adambulacral plates. 

The madreporiform body, which is small and inconspicuous, is placed external to one 
of the interradial (basal) plates. 

The anal aperture is small, distinct, surrounded by a circlet of small ciliary spines, 
and is placed at the side of the dorso-central plate, and consequently slightly excentric 
in position. 

The ambulacral tube-feet form four rows. They are rather small, subconical, and 
have a small but distinct fleshy terminal disk. 

Young Phase.—The young form,’ measuring R=11 mm., r=2'25 mm., has a very 
remarkable appearance, owing to the prominence and distinctness of the component parts 
of the skeleton. The disk is much higher than in the adult. The dorso-central plate is 
prominent and assumes the shape of a rounded cone. The basal or interradial and first 
radial plates are of nearly equal size, and are very tumid or almost semiglobular in form. 
The plates of the median radial line are large and distinct, occupying a large portion of 
the abactinal surface of the ray. The supero-marginal series of plates form the margin of 
the ray and the intermediate plates are small. Between the supero-marginal series and 
the adambulacral plates there are not more than two fully developed longitudinal rows of 
plates, with a partially developed series commencing to appear between the latter and the 
adambulacral plates. ‘The terminal (ocular) plates are very large, somewhat resembling 
the shape of a serpent’s head, and are armed with one or two pairs of comparatively large 
robust spinelets, near the extremity, which are directed upward. 

The large plates of the disk and the median radial series have already a small tubercle, 
but only some of these bear spinelets. All the plates have a few widely spaced and very 
minute granules and microscopic ciliary spinelets. The spinelets on the lower rows of 
plates are comparatively long and well developed. ‘The character of the alternate pro- 
minent adambulacral plates is already discernible, although not more than one or two 
spinelets are present in the armature of each. 

The madreporiform body is outside and external to the interradial or basal plate, and 
almost in the ravine of the interbrachial arc. The anal aperture is excentric, and 


1 T have given a drawing of this young example in my account of the Asteroidea dredged during the cruise 
of H.M.S. “Triton” (Zrans. Roy. Soc. Edin., 1883, vol. xxxii. pl. xxvi. figs, 9-11). 
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situated between the dorso-central plate and a basal plate, standing in the right posterior 
interradium when the madreporiform body is placed in the right anterior interradium. 

Localities.—Station 46. Off the coast of North America, east of New Jersey and 
Long Island. May 6, 1873. Lat. 40° 17’ 0” N., long. 66° 48’ 0” W. Depth 1850 
fathoms. Blue mud. Bottom temperature 40°°0 Fahr. 

Station 50. South of Halifax, Nova Scotia. May 21, 1873. Lat. 42° 8’ 0” N., long. 
63° 39’ 0” W. Depth 1250 fathoms. Blue mud. Bottom temperature 38°:0 Fahr. ; 
surface temperature 45°:0 Fahr. 

Station 120. Off Pernambuco. September 9, 1873. Lat. 8° 37’ 0” S., long. 34° 28’ 
0” W. Depth 675 fathoms. Red mud. Surface temperature 78°:0 Fahr. 

“Porcupine” Expedition : 

Station 87, 1869.’ North-west of the Hebrides. Lat. 59° 35’ N., long. 9° 11’ W. 
Depth 767 fathoms. Bottom temperature 5°2 C.; surface temperature 11°°4 C. 

“Triton” Expedition : 

Station 11. In the Faerée Channel. August 28, 1882. Lat. 59° 29’ N., long. 7° 13’ 
W. Depth 555 fathoms. Bottom temperature 45°°5 Fahr. 

Station 13. In the Faerée Channel. August 31, 1882. Lat. 59° 51’ 2” N., long. 
8° 18’ 0” W. Depth 570 fathoms. Bottom temperature 45°°7 Fahr. 


2. Zoroaster tenwis, n. sp. (Pl. LXVII. figs. 1 and 2; Pl. LX VIII. figs. 7 and 8). 

Rays five. R=15'5mm.;r=2°5 mm. R=6:2 7. Breadth of a ray near the base, 
3 mm. 

Rays elongate, delicate, tapering from the base to the extremity, roundly carinate 
abactinally. Disk convex and high abactinally. Interbrachial ares acute. 

The centre of the disk is occupied by a large dorso-central plate, which is elevated 
centrally into a large, broad-based, conical eminence. This is surrounded by, five small 
subquadrate under-basal plates; and then follow five large irregularly subpentagonal 
basal plates with festooned margins: the latter series do not fit close up to the under- 
basals, but are separated by a small membranous space from them and the free portions 
of the dorso-central plate. The succeeding primary radial plates, which also have fes- 
tooned margins, pass far between the basal plates towards the under-basal plates, but are 
separated from them by a space about equal to the length of the latter, in which perhaps 
a small intermediate plate may be present, but I am unable to say definitely without 
injuring the specimen. The succeeding median radial plates are large and occupy nearly 
the whole of the breadth of the ray, being separated from the marginal plates by only a 
series of very small plates, which does not extend to the extremity. Single isolated papule 
occur on each side of these small plates. The plates of the median radial series are 
strongly bent and each bears on the centre of the keel a comparatively large robust 


1 This Station is recorded in ‘‘The Depths of the Sea,” but I have not seen any specimens from it. 
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conical spinelet, and on the surface of the plate a few small, equal, isolated, widely spaced, 
miliary spinelets. The basal plates are also similarly armed with a central conical spinelet 
and a few widely spaced miliary spinelets. The under-basals only bear miliary spinelets, 
and a few are present on the flanks of the dorso-central plate. 

The supero-marginal plates, about twenty in number from the median interradial line 
to the extremity, are large and narrowed abactinally (at least at the base of the ray), 
leaving small angular spaces in which the papular orifices are found. Each plate bears 
one large central spinelet and several smaller ones. The infero-marginal plates are much 
smaller than the supero-marginal series, diminish rapidly in size as they proceed along 
the ray, and do not reach the end of the ray, the adambulacral plates being there con- 
tingent on the supero-marginal series. Each plate, before they become very small, bears 
a large conical spinelet and two or three smaller ones. 

The adambulacral plates are small, rather broader than long, and with an angular 
prominence into the furrow; all the plates being equally prominent into the furrow. 
Their armature consists of a transverse series of three cylindrical tapering spinelets, nearly 
as large as the largest spinelet on the marginal plates. The innermost spinelet, which is 
rather smaller than the other two, stands at the apex of the angular prominence and is 
directed over the furrow, the other two are equidistantly spaced on the actinal surface of 
the plate and radiate slightly apart. The median spinelet is usually slightly the longest. 
About seven adambulacral plates are included within the wide actinal groove of the 
terminal plate. 

The mouth-plates trend upward towards the buccal cavity, and they bear on their 
surface two large robust actinal spines. The actinostome is large. 

I have found no trace of any actinal intermediate plates between the infero-marginal 
and the adambulacral plates. 

The madreporiform body is small and very difficult to see. It is situated between 
the basal plate and the innermost pair of supero-marginal plates, and is consequently quite 
at the edge of the disk. Its surface is traversed by what may be described as three or 
four very coarse ridges rather than striations, and it is essentially embryonic in character, 

The anal aperture, which is large and excentric in position, is situated between the 
dorso-central and basal plate, the margin of the former being deeply lunated for its 
reception. Several papilliform spinelets surround the orifice. 

The ambulacral tube-feet, which are arranged in two simple and regular rows, have 
fleshy terminal knob-like disks, which appear to be capable of invagination. 

The terminal plate is very large and deeply indented adcentrally for the reception of 
the termination of the median radial series of plates. It bears three large spinelets on 
each side near the extremity, and there appears to be a prominence in the median line 


abactinally on which a spine was probably originally borne. In addition to these, isolated 
miliary spinelets are also present on the surface. 
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Colour in alcohol, a bleached greyish white. 

Locality.—Station 218. Off the north coast of New Guinea, south-west of the 
Admiralty Islands. March 1, 1875. Lat. 2° 33’ 0” S., long. 144° 4’ 0” E. Depth 1070 
fathoms. Blue mud. Bottom temperature 36°°4 Fahr.; surface temperature 84°°0 Fahr. 


Genus Cnemidaster, n. gen. 


Disk small. Rays long, delicate, cylindrical, more or less rigid. Interbrachial ares 
rounded. 

Abactinal plates arranged in a single, regular, longitudinal line along the ray, covered 
with thin skin and bearing no granules or spinelets. Abactinal covering of disk composed 
of the primary apical plates, all large and convex, covered with thin skin and bearing no 
granules or spinelets. 

Supero-marginal larger than the infero-marginal plates; both series covered with skin 
and bearing no granules or spinelets (excepting a few of the infero-marginal plates in the 
interbrachial arc, which may bear appendages similar to those on the actinal intermediate 
plates). 

Actinal intermediate plates, two series present bearing small compressed sacculated 
spinelets, appressed to the ray and forming longitudinal series along the ray. 

Adambulacral plates broader than long, with a prominent angle into the furrow (all 
equally prominent), and a transverse median keel. Armature consisting of a transverse 
series of short spinelets, equidistantly spaced on the keel. 

Madreporiform body small, circular, exposed, situated external to the adjacent primary 
basal plate. 

Anal aperture distinct, excentric in position. 

No pedicellariz. 

Ambulacral tube-feet with a fleshy terminal knob, and forming two simple regular rows. 

Remarks.—This genus is distinguished from Zoroaster and the other forms in this 
family by the large skin-covered abactinal and marginal plates, devoid of spinelets or 
sranules of any form. The armature of the actinal intermediate and of the adambulacral 
plates is also characteristic. The starfish described by Perrier’ under the name of Zoroaster 
sigsbeet is perhaps more nearly related than any other form known to me; but the 
description and the figure are both insufficient to enable me to say how close the relation- 
ship may be. 

1 Bull. Mus. Comp. Zodl., Harvard, 1881, vol. ix. p.5; Nouv. Archives Mus. Hist. Nat., 2e Série, 1884, 
t. vi. p. 195, pl. iii. fig. 2. 
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Chorology of the Genus Cnemidaster. 


a. Geographical distribution :— 


HAsTERN ARCHIPELAGO: One species between the parallels of 0° and 10° S. 
Cnemidaster wyvillii, in the Arafura Sea, north-west of the 
Arrou Islands. 


8. Bathymetrical range: 800 fathoms. 
y. Nature of the Sea-bottom: Green mud. 


Chorological Synopsis of the Species. 


Ocean. Range in Fathoms, | Nature of the Sea-bottom. 


| 


Cnemidaster wyvilli  . . | Eastern Archipelago. 800 Green mud. 


1. Cnemidaster wyvilli, n. sp. (Pl. LXVIL. figs. 3 and 4; Pl. LXVIII. figs. 3 and 4). 


Rays five. R=22 mm,r=425 mm. R>5-7r. Breadth of a ray near the base, 
3°5 mm. 

Rays elongate, cylindrical, slightly flattened actinally, tapering from the base to the 
extremity. Interbrachial ares rounded. Disk convex abactinally. 

The disk, which is higher than the rays and regularly convex, is occupied entirely by 
the primary apical plates, each slightly convex or tumid, which are arranged in the follow- 
ing manner. The centre is occupied by the dorso-central plate, which is large, almost 
subconically convex, pentagonal in outline—the angles being more or less rounded, and the 
right posterior side somewhat encroached upon for the anal aperture. Contingent on the 
dorso-central is a complete cycle of five basal plates, rather irregular in shape, apparently 
quadrangular in form, but probably more or less hexagonal, which are smaller than the 
dorso-central. External to these are the five primary radial plates, irregularly subhexa- 
gonal in form, larger than the basal plates, and either equal in size to the dorso-central or 
slightly less; they are inserted far down between the basal plates, but do not reach the 
dorso-central. The second radial plate is smaller than the first, hexagonal in form, and 
broader than long. In the third the length and breadth are equal. In the radial plates 
beyond the third and up to the middle of the ray the length is greater than the breadth, 
but on the outer half of the ray the breadth is greater than the length. Isolated single 
papule occur at the angles of the plates, but do not extend much beyond the inner half of 
the ray. The plates of the series on each side of the median radial series are rather 
smaller, and have the breadth greater than the length on the inner part of the ray, but 


REPORT ON THE ASTEROIDEA. 425 


subequal on the outer part. This series forms the margin of the ray, and is probably the 
supero-marginal series of plates. The plates of the next series (the infero-marginal), which 
also extend to the extremity, are rather smaller, and all are longer than broad. Between 
these and the adambulacral plates are two series of actinal intermediate plates all much 
longer than broad. The abactinal and the two series of marginal plates were covered with 
a very thin skin, and do not appear to have borne any spines, excepting the innermost two 
or three plates of the infero-marginal series, whose armature resembles that of the adjacent 
intermediate plates. The actinal intermediate plates bear short, equal, broad, compressed, 
lanceolate, pointed spinelets, all in thin membranous sacs, appressed to the ray and 
arranged in a line upon the plate, forming longitudinal series along the ray. 

The adambulacral plates are broader than long, definitely spaced, with a prominent 
angle towards the furrow, and a slight convexity or keel along the median transverse line 
of the actinal surface at right angles to the furrow. All the plates are equally prominent 
into the furrow. Their armature consists of a transverse lineal series of five short spinelets 
equidistantly placed on the keel, the innermost or furrow spine being the smallest, tapering 
and pointed, the other four subequal or diminishing in size as they recede from the furrow, 
much broader, compressed, and more or less sublanceolate in form, radiating slightly apart, 
and usually appressed to the ray, the direction being aboral and slightly outward. 

The mouth-plates trend upward into the buccal cavity. The actinostome is large and 
its margin declivous. 

The madreporiform body, which is small, circular, and convex, is situated external to the 
adjacent primary basal plate. Its surface is grooved with very few, coarse, convoluted striz. 

The anal aperture is distinct and excentric, situated between the dorso-central and the 
right postero-lateral basal plate, the margin of the latter being lunated for its reception. 

The ambulacral furrow is wide. The tube-feet, which are arranged in two simple 
and regular rows, have fleshy terminal knobs or disks. 

The terminal plate, which is large and elongate, is deeply indented posteriorly on the 
abactinal surface for the insertion of the last three or four median radial plates. It bears 
at the extremity two pairs of comparatively large, conical, pointed spinelets, and several 
smaller ones. 

Colour in alcohol, bleached white on the abactinal surface, where the membrane has 
been abraded from the plates. Traces, however, of the membrane, which are of a dark 
purplish brown, are present at the angles and in the sutures between the plates; and in 
the present condition of the specimen preserved in spirit give a remarkably ornate char- 
acter to this species. The actinal surface is light brown. The colour of the ambulacral 
tube-feet is very dark brown, the terminal knob, which is much lighter, being almost white. 

Locality.—Station 191. In the Arafura Sea, north-west of the Arrou Islands. Sep- 
tember 23, 1874. Lat. 5° 41’ 0” S,, long. 134° 4’ 30” E. Depth 800 fathoms. Green 
mud. Bottom temperature 39°'5 Fahr. ; surface temperature 82°°2 Fahr. 

(ZOOL, CHALL. EXP.—PART LI.—18838.) 54 
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Genus Pholidaster, Sladen. 
Pholidaster, Sladen in Narr. Chall. Exp., 1885, vol. i., p. 616. 


Disk small. Rays long, tapering, subcylindrical and flexible. Interbrachial ares acute. 

Abactinal plates arranged in regular longitudinal series (the median radial series 
largest), bearing large plate-like skin-covered scales, which mask all the plates except 
some of the primary apical plates on the disk and the median radial series along the ray. 
Small isolated papulee are present at the angles of the plates. 

Supero-marginal plates subequal in size to the median radial series of plates, and 
bearing plate-like skin-covered scales similar to those above described. Infero-marginal 
plates smaller than the superior series and bearing a single, delicate, elongate, naked lateral 
spine appressed to the ray, and several compressed, scale-like, skin-covered spinelets. 

Actinal intermediate plates two or three series, each plate bearing a single naked 
spinelet similar to the lateral spine, appressed to the ray, and several skin-covered papille ; 
the large spines forming longitudinal series along the ray. 

Adambulacral plates broader than long, each alternate plate with a prominent ridge 
which extends far into the furrow, the intermediate plates appearing to form the straight 
wall of the furrow. Adambulacral armature consisting of a pair of delicate furrow spines, 
which radiate apart at the inner end of the ridge; on the outer part of the plate is a group 
of skin-covered papille parallel to the furrow. The intermediate non-prominent adam- 
bulacral plates only bear the group of skin-covered papilla, and a few more prominent 
extending to the margin of the furrow. 

Madreporiform body more or less masked by the plate-like scales of the abactinal 
plates ; the striations appear to be few in number and coarse. 

Anal aperture inconspicuous and excentric ; closed by squamiform plates. 

No pedicellariz present. 

Ambulacral tube-feet with a terminal fleshy knob ; crowded and forming four alter- 
nating rows. 

Remarks.—This genus is unquestionably related to Zoroaster, of which it is probably 
the shallow-water representative in this tropical area. Pholidaster is, however, readily 
distinguished from Zoroaster and from all other known forms by the presence of the 
remarkable scales borne on the abactinal and marginal plates. So far as at present known 
the genus has a very small area of distribution. 


Chorology of the Genus Pholidaster. 
a. Geographical distribution :— 
Eastern ARCHIPELAGO: Two species between the parallels of 20° N. and 10° S. 


Pholidaster sywamatus off the Philippine Islands. Pholidaster dis- 
tinctus in the Banda Sea, between the Ki Islands and the Banda Islands. 
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8. Bathymetrical range: 100 to 140 fathoms. The genus is thus confined to the 
Littoral zone. 


y. Nature of the Sea-bottom: Pholidaster squamatus is found on Green mud ; Pholi- 
daster distinctus on Blue mud. 


Chorological Synopsis of the Species. 


Ocean, Range in Fathoms. Nature of the Sea-bottom. 
Pholidaster distinctus . | Eastern Archipelago. 140 Blue’mud. 
Pholidaster squamatus .| Eastern Archipelago. 100 Green mud. 


1. Pholidaster squamatus, n. sp. (P]. LX VIL figs. 5 and 6; Pl. LXVIIL figs. 5 and 6). 


Rays five. R= 75mm.;r= 8mm. R<9-‘5r. Breadth of a ray near the base, 8 to 
8°5 mm. 

Rays elongate, semicylindrical, rounded abactinally, flattened actinally, tapering from 
the base to the extremity. Interbrachial arcs acute. Disk very slightly higher than the 
base of the rays, faintly convex. 

All the plates on the abactinal surface, excepting the median radial series and some 
of the primary apical plates on the disk are masked by large skin-covered scales, each 
distinct and appressed to the ray, looking at first sight more like well-defined plates than 
scales. The centre of the disk is occupied by a circular dorso-central plate, the surface 
of which is smooth and covered with thin skin, and the margin surrounded with a compact 
ring of skin-covered scales. External to this may be seen in some examples five small 
under-basal plates, which are circular, smooth, and surrounded by a ring of scales like the 
dorso-central plate. In other examples, however, the under-basal plates are masked and 
the space between the dorso-central and the primary radials is occupied by scales, as in 
Pl. LXVII. fig. 5, which look like polygonal close-fitting plates. The primary radial 
plates are large, irregularly oval transversely, smooth, and surrounded by a ring of scales. 
The succeeding median radial plates are all broader than long and are separated from 
one another by a straight row of five subquadrangular scales, the outer one at each end 
of the series being rather larger than the three central ones, attached to the outer margin 
of the plate, the free end of the scale being directed outward. The breadth of the median 
radial series of plates is one third of the breadth of the ray. On each side of the median 
radial series is a series of small plates, which bear a single large scale, but sometimes a 
large one and a small one are present, by which they are entirely masked. External to 
these is a series of large marginal plates, much broader than long, which bear two sub- 
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regular transverse parallel rows of tubercular eminences on which are attached large flat 
scales ; the upper ones are large, irregularly fan-shaped, as broad as long; the lower ones 
are more elongate, lanceolate in form, and more or less pointed, all closely appressed. A 
well-defined channel occurs between this series and the infero-marginal plates, and single 
isolated papule are present between the plates. The next series of plates, which may be 
regarded from their 'position as the representatives of the infero-marginal plates, are 
smaller (in breadth) than the superior series; each of these bears normally a single, naked, 
elongate, delicate, tapering and more or less compressed lateral spine, near the actinal 
margin of the plate, which is directed outward and upward, and appressed to the ray ; the 
longest measures between 3 and 4 mm. Above this lateral spine are two pairs of small 
almond-shaped, or lanceolate, and pointed scale-like spinelets, the upper pair forming a 
lineal series throughout the ray and partially masking the channel above described. 
There may also be two or three small miliary papillz or scutes near the base of the lateral 
spine. Single isolated papule are present between the infero-marginal and_ actinal 
intermediate plates. There are three rows of closely fitting actinal intermediate plates 
between the infero-marginal and adambulacral plates, which form regular longitudinal 
and transverse series. Each plate bears a single large spinelet, similar and nearly equal 
in size to the lateral spine, articulated on a prominent tubercle, and several small miliary 
papillee. 

The adambulacral plates are small, broader than long, and well spaced, the interspace 
being filled with muscular tissue. Hach alternate plate is developed into a thin, 
comparatively large, prominent ridge, which extends far into the furrow, and separates 
the neighbouring tube-feet ; whilst the intermediate plates are smooth and appear to form 
the true furrow wall. The armature of the prominent adambulacral plates consists of a 
pair of small and very delicate spines situated at the extreme inner end of the ridge and 
consequently high in the furrow, which radiate rather widely apart; behind these and on 
the surface of the ridge is either a single spine, or a pair of spines placed obliquely, and 
about equal in size to the furrow spines ; and these are followed by either one or two 
similar and similarly placed spinelets. On the outer part of the plate is a group of small, 
subequal, compressed, scutiform spinelets or papillz. On the non-prominent adambulacral 
plates there is a similar group of scutiform papille on the outer part of the plate, and 
two or three similar appendages advance towards the furrow margin of the plate. 

The actinostome is rather small and depressed. The mouth-plates trend upward into 
the buccal cavity. 

The madreporiform body is very difficult to find and almost hidden by scales. The 
few strize which may be seen are coarse. 

The anal aperture, which is inconspicuous, 1s excentric, and lies outside the dorso- 
central plate and its circle of scales. The orifice is closed by three or four scales, scarcely 
distinguishable from the neighbouring scales. 
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The ambulacral tube-feet are’crowded and form four alternating rows. They have a 
more or less button-like fleshy termination. 

The terminal plate is small, smooth, and rounded anteriorly. 

I have failed to detect the presence of pedicellarie of any kind in this starfish. 

Colour in alcohol, a light brownish yellow, excepting the smooth naked primary plates 
and median radial plates, which are white. The elongate spines of the marginal and 
actinal intermediate plates are white. 

Locality.—Station 204. Off Tablas Island, Philippine group. November 2, 1874. 
Lat. 12° 43’ 0” N., long. 122° 9’ 0” E. Depth 100 fathoms. Green mud. Surface 
temperature 84°°0 Fahr. 

Remarks.—Pholidaster squamatus is nearly related to Pholidaster distinctus, and 
the differences are discussed in the description of that species. These two remarkable 
forms are altogether unlike any other starfish with which I am acquainted. 


2. Pholidaster distinctus, n. sp. (Pl. LX VIL. fig. 7). 

Rays five. R=70 mm.; r=7:°25mm. R>95r._ Breadth of a ray near the base, 
7°25 mm. 

Although this form is very nearly allied to Pholidaster squamatus, it appears to be a 
well-marked species. Its general habit, however, accords so closely with the preceding 
description that it seems to me more satisfactory to give a comparative review of the 
points wherein the two differ than a long description, which would be in a large measure 
a repetition of what has gone before. 

The general form of the rays is the same, but in Pholidaster distinctus the disk is not 
higher than the base of the rays and is not convex. The median radial series of plates 
are distinctly convex, forming a broad slightly elevated band along the ray. The breadth 
of the median radial series is rather greater than in Pholidaster squamatus. The appear- 
ance of the disk is very different in consequence of the under-basals being exposed, and 
nearly as large as the primary radials ; the median radial series of plates thus extending 
uninterruptedly from the dorso-central plate to the extremity. Smooth basal plates, 
margined by scales, are also present. The supero-marginal plates are in like manner 
naked and margined only by a single series of scales on their outer margin. This pro- 
duces a very strongly marked superficial difference between the two forms, as the supero- 
marginal plates in Pholidaster squamatus are entirely masked by scales. The lateral 
spines and the large single spines on the actinal intermediate plates are relatively smaller 
in Pholidaster distinctus than in Pholidaster squamatus. Furthermore, there are not 
more than two longitudinal series of spines borne on the actinal intermediate plates in 
the former, whereas there are three in the latter, and one of these is often small and 
aborted on the outer part of the ray. 

In the armature of the adambulacral plates the spinelets on the ridge of the prominent 
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adambulacral plates behind the first pair are more frequently in single series than in 
oblique pairs, forming a slightly oblique line on the ridge much more distinctly than in 
Pholidaster sqwamatus. The spinelets are also rather shorter than in that species, and 
show a slight tendency to be curved. 

Colour in alcohol, a bleached greyish white, with a tendency to a light brownish shade. 

Locality.—Station 192. In the Banda Sea, between the Ki Islands and the Banda 
Islands. September 26, 1874. Lat. 5° 49’ 15” S., long. 132° 14’ 15” E. Depth 140 
fathoms. Blue mud. Surface temperature 82°'0 Fahr. 


Family StTICHASTERID, Perrier, 1885. 


The general structure of the small group of forms now classified together fully warrants, 
in my opinion, their recognition as an independent family. The skeleton of Stichaster 
differs so essentially from that of the Asteriide that I venture to think the justice of the 
step taken by Perrier’ will not be disputed. I differ, however, from Perrier, in that I 
exclude from the Stichasteride the genus Zoroaster, which, with its allies, I have placed 
in a separate family. The Stichasteridz in many respects occupy an intermediate position 
between the Zoroasteride and the Asteriide. 

Of the two new genera which I have ranked in this family, Neomorphaster and Tar- 
saster, the former is especially striking for the approach it presents to the Zoroasteride. 

The family comprises the genera Stechaster, Neomorphaster, and Tarsaster. 


Genus Stichaster, Miller and Troschel. 


Stichaster, Miiller and Troschel, Monatsber. d. k. preuss. Akad. d. Wiss. Berlin, 1840, April, p. 102. 
Tonia, Gray, Ann. and Mag. Nat. Hist., 1840, vol. vi. p. 180. 
Celasterias, Verrill, Trans. Conn. Acad. Arts and Sci. 1871 (1867), vol. i. part 2, p. 247. 
Stephanasterias, Verrill, Bull. Essex Institute, 1872 (1871), vol. iii. p. 5 (non Stephanaster, Ayres, 1851). 
So far as at present known this genus appears to be confined to the temperate and 
frigid zones ; and most of the species are probably limited bathymetrically to the Littoral 
zone, only two occurring in the Continental zone and one in the Abyssal zone. 


Chorology of the Genus Stichaster. 


a. Geographical distribution :— 


ATLANTIC : Six species between the parallels of 80° N. and 60° S. 
*Stichaster albulus, from Greenland, the northern coasts of the 
American continent, Iceland, and Spitzbergen. *Stichaster roseus, 
from the coasts of Britain and Norway. Stichaster arcticus, off 


1 Ann. Sct. Nat. (Zool.), 1885, t. xix. Art. No. 8, p. 15., 
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the Lofoten Islands. Stichaster talismanz, off the Canary Islands 
and Azores. ~*Stichaster felipes, off the Cape of Good Hope. 
Stichaster nutria, from South Georgia. 


Pactric: Four species between the parallels of 10° and 55° S. 

*Stichaster aurantiacus, off the coasts of Chiliand Peru. *Stich- 
aster polygrammus, off the western coast of South America, near 
the entrance to the Strait of Magellan. Stichaster australis, from 
New Zealand. *Stichaster polyplax, from South Australia. 


8. Bathymetrical range: 2 to 782 fathoms. 

Stichaster albulus extends from 3 to 192 fathoms, passing into the Conti- 
nental zone. Stichaster roseus occurs in from 2 to 50 fathoms. Stichaster 
polyplax in 38 to 40 fathoms. Stichaster felipes in 150 fathoms. Stichaster 
polygrammus is found in the Continental zone at a depth of 245 fathoms. 
Stichaster talisman inhabits the Abyssal zone, its range of depth extending 
from 517 to 782 fathoms. 


y. Nature of the Sea-bottom: Nearly all the species of which the habitat is recorded 
have been found on a hard bottom. Stichaster albulus, on rocks, stony ground, 
and branching Nullipores ; Stichaster roseus on sandy clay ; Stichaster auran- 
tiacus on rocks; Stichaster polyplax on sand and shells; Stichaster felipes on 
Green sand; Stichaster polygrammus on Blue mud. 


The species collected by the Challenger Expedition are indicated in the above list by 
an asterisk. 


Chorological Synopsis of the Species herein mentioned. 


Ocean. Range in Fathoms. Nature of the Sea-bottom. 
Stichaster albulus. . : Atlantic. 3 to 192 | Rocks, and hard ground. 
Stichaster aurantiacus ; Pacific. | Shallow water. Rocks. 
Stichaster felipes . : Atlantic. 150 Green sand. 
Stichaster polyplax . A Pacific. | 38 to 40 Sand and shells. 
Stichaster roseus . : Atlantic. 2 to 50 Sandy clay. 
Stichaster polygrammus . Pacific. 245 Blue mud. 


1. Stichaster aurantiacus (Meyen), Verrill. 


Asterias aurantiaca, Meyen, 1834, Reise um die Erde, Thi. i. p. 222. 
Stichaster striatus, Miiller and Troschel, 1840, Monatsber. d. k. preuss. Akad. d. Wiss. Berlin, April, 


p. 102. 
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Tonia atlantica, Gray, Ann. and Mag. Nat. Hist., 1840, vol. vi. p. 180. 
Asteracanthion aurantiacus, Miller and Troschel, 1842, System der Asteriden, p. 21. 
Stichaster aurantiacus, Verrill, 1871 (1867), Trans. Conn, Acad. Arts and Sci., vol. i. part 2, p. 293. 


Locality.—Valparaiso. November 1875. On the shore. 


2. Stichaster roseus (O. F. Miiller), Sars. 


Asterias rosea, O. F. Miiller, 1788, Zool. Dan., p. 35, tab. Ixvii. 

Linkia rosea, Thompson, 1840, Ann. Nat. Hist., vol. v. p. 249. 

Cribella rosea, Forbes, 1841, Hist. Brit. Starfishes, p. 106. 

Asteracanthion roseus (pars), Miiller and Troschel, 1842, System der Asteriden, p. 17. 
Stichaster roseus, Sars, 1861, Oversigt af Norges Echinodermer, Christiania, p. 86. 


A number of examples of this species were collected during the “ Porcupine” Expedi- 
tion, but no record is given of the Station or depth at which they were obtained. 


3. Stichaster albulus (Stimpson), Verrill. 


Asteracanthion roseus (pars), Miiller and Troschel, 1842, System der Asteriden, p. 17. 

Asteracanthion albulus, Stimpson, 1853, Syn. Mar. Invert. Grand Manan, p. 14. 

Asteracanthion problema, Steenstrup, 1855, Videnskab. Medd, naturh. Foren. i Kjgbenhavn f. 1854, 
p. 240. 

Asterias albula, Stimpson, 1863, Proc. Acad. Nat. Sci. Philadelphia, p. 142. 

Stichaster albulus, Verrill, 1866, Proc. Boston Soc. Nat. Hist., vol. x. p. 351. 

Stephanasterias albula, Verrill 1872 (1871), Bull. Essex Institute, vol. iii. p. 5. 


Locality.—Station 49. South of Halifax, Nova Scotia. May 20, 1873. Lat. 43° 
3’ 0” N., long. 63° 39’ 0” W. Depth 85 fathoms. Gravel, stones. Bottom temperature 
35°°5 Fahr. ; surface temperature 40°°5 Fahr. 


& 


4. Stichaster polyplax, Miiller and Troschel, sp. 


Asteracanthion polyplax, Miiller and Troschel, 1844, Archiv f. Naturgesch., Jahrg. x., Bd. i., p. 178. 
Asterias polyplax, Perrier, 1875, Révis. Stell. Mus., p. 63 (Archives de Zool. expér., t. iv. p. 327). 

Locality.—Station 162. Off East Moncceur Island, Bass Strait. April 2, 1874. Lat. 
39° 10’ 30” S., long. 146° 37’ 0” E. Depth 38 to 40 fathoms. Sand and shells. Surface 
temperature 63°°2 Fahr. : 

Remarks.—The structure of this form necessitates, in my opinion, its removal from 
the genus Asterias; and on these grounds I have classed it with Stichaster, although I 
am inclined to think that when more is known of the anatomy of Stichaster, the estab- 
lishment of a subgenus, if not actually a distinct genus, may be required for the reception 


of Asteracanthion polyplax, in which probably some other forms now placed under 
Astervas may also ultimately be included. 
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5. Stichaster felipes, n. sp. (Pl. CI. figs. 1 and 2; Pl. CIII. figs. 7 and 8). 


Rays five. R=66 mm.;7r=10toll mm. R>6,r. Breadth of a ray near the base, 
12 to 15 mm. 

Rays elongate, rather broad at the base, and tapering gradually therefrom up to the 
extremity, their form being more or less cylindrical, slightly flattened. The disk is shg¢htly 
convex in the region covered by the primary apical plates ; and there is a rather deep and 
broad depression in each interradium external to this area, from which a depressed sulcus 
proceeds up to the summit of the interbrachial are. The interbrachial ares are acute. 

The abactinal area of the disk is occupied on fully the central half by large permanent 
primary apical plates. All the plates along the rays are arranged in regular longitudinal 
series. The abactinal plates may be defined as follows: a median series of large, broad 
plates, sueceeded on each side by an intermediate series of smaller plates, and a lateral 
series of large plates broader than those of the median series. Then follow two series of 
smaller marginal plates, which stand wholly in the lateral wall of the ray, the plates of 
the superior series being larger than those of the companion series. Between these and 
the adambulacral plates intervene two, or at the base of the ray perhaps three, series of 
intermediate plates. 

The abactinal and marginal plates bear short, robust, clavate, obtuse, equal spinelets, 
which viewed from above appear little more than large hemispherical granules. On the 
plates of the median series there may be either a double line of spinelets, the lines more 
or less unequal and irregular, or an angulated line with a few additional spinelets within 
the angle, the number varying from five to nine. On the small intermediate plates are 
not more than two or three in a group. On the broad lateral plates is a single line of six 
or seven spinelets, or an angulated and supplemented line as in the median series. About 
three spines are present on the supero-marginal plates, and seldom more than two (some- 
times three and sometimes one) on the infero-marginal series. All these spinelets are well 
spaced. All the plates are covered with thick membrane, and on this are attached 
numerous isolated, well spaced, forcipiform pedicellaria, which at first sight have the 
appearance of smaller granules accompanying the larger granules (the spines above 
described). Large papular areas occur at the angles of the plates, which fall in regular 
longitudinal lines along the ray. There are from three to five papule in each. Close to 
the margin of the papular area may be one or more very large forficiform pedicellariz. 
These are of remarkable form, and resemble two hands clasped together when the fingers 
are bent at right angles and interlocked. The jaws of the pedicellariz are longer than 
the spines on the plates and also broader. Seen in some aspects their outline suggests 
fancifully the shape of a cat’s paw with the claws exposed. These large pedicellarie are 
numerous in the interbrachial are. 

The adambulacral plates are small, and their armature consists of two short, cylin- 


drical, obtuse, equal spinelets, which radiate apart and normally form two regular longi- 
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tudinal rows, one directed over the furrow and the other outward. Occasionally one of 
these spinelets may be replaced or accompanied by one of the large cat’s-paw-like forfici- 
form pedicellariz. 

The plates of the inner row of actinal intermediate plates, adjacent to the adambu- 
lacral plates, bear one short, robust, obtuse spinelet, rather larger than the spinelets on 
the abactinal plates; and the plates of the outer row (at least on more than the inner 
half of the ray) bear two similar spinelets, placed side by side and rather oblique. On 
the intermediate row, when this is present, there may be one spinelet like those on the 
inner row, or occasionally near the base of the ray two spinelets like those on the outer 
row of plates. On the membrane which covers these plates are numerous, but distinctly 
spaced, sessile, forcipiform pedicellariz and occasionally one of the large cat’s-paw-shaped 
forficiform pedicellariz. 

In the armature of the mouth-plates there are several of these large pedicellariz, and 
in the median actinal interradial area reaching from the mouth-plates to the margin are 
several large pedicellaria of the same pattern, wide apart ; and no other appendages of 
any kind are present on the membrane in this region. 

The madreporiform body, which is small, occupies the central half of one of the basal 
plates, and its circumference is surrounded by irregularly placed spinelets. It is situated 
nearer the centre than midway between that point and the margin. 

The anal aperture is distinct. 

The ambulacral tube-feet are crowded, and form four rows. 

Colour in alcohol, a brownish ashy grey, or a slightly orange yellow. 

Localities.—Station 142. South of the Cape of Good Hope. December 18, 1873. 
Lat. 35° 4’ 0” S, long. 18° 370” E. Depth 150 fathoms. Green sand. Bottom tem- 
perature 47°°0 Fahr.; surface temperature 65°°5 Fahr. 

Simon’s Bay, Cape of Good Hope. Depth and conditions not recorded. 

Remarks.—This species presents some superficial resemblance to Stechaster awran- 
tiacus, but is readily distinguished from that form and all the other members of the genus 
by the character of the spinulation of the plates and by the presence of the remarkably 
large and strangely shaped forficiform pedicellariz. 

A slight difference may be noticed in the spinulation of the marginal plates in the 
examples from Simon’s Bay as compared with one from Station 142, the spinelets being 
more numerous and more grouped in the former. The difference is so slight that I do 
not consider further remark necessary. The example from Station 142 has also rather 
more robust rays. 


6. Stichaster polygrammus, n. sp. (PI. C. figs. 1-3; Pl. CIII. figs. 5 and 6). 


Raysfive. R=79mm.;7=10mm. R<8,r. Breadth of a ray at the base, 12°5 mm. ; 
breadth about midway between the base and the extremity, 10 mm. 
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Rays elongate, subcylindrical, broad at the base, and tapering gradually to a pointed 
extremity. Disk small and somewhat inflated, with deep channels in the median inter- 
radial lines, the rays appearing to be crushed together at the base. Interbrachial 
ares acute. 

The abactinal and lateral areas are covered with narrow plates transversely disposed, 
which are arranged in longitudinal rows along the rays. The median radial series, the 
supero-marginal, and the infero-marginal (or actinal) series, form regular series. Between 
the supero-marginal and the median radial series are two series of smaller plates which 
are not so regular. ach of the plates of the median series bears a single lineal series of 
five to seven low, truncate, granule-like spinelets, which follows the line of the plate, and 
is consequently transverse in position in relation to the ray. The spinelets are all uniform, 
equidistantly spaced, and the median one is slightly removed adcentrally from the line 
which the others form. The plates of the two series of small intermediate plates may each 
bear two or three similar granules or spinelets, which are also disposed in transverse lines. 
These two series are not very distinctly divided from each other, but are clearly separated 
from the broad median radial series on the one side, and the equally broad supero-marginal 
series on the other by narrow well-defined bands. The plates, which I consider to be the 
representatives of supero-marginals, are entirely situated in the lateral wall of the ray ; 
they are equal in height to the breadth of the median radial series, and each plate bears a 
single line of five or six uniform, equally spaced, granule-like spinelets, the two lowest 
sometimes standing slightly oblique, and giving the appearance of a faint angle in the 
line. All the spinelets on the seven series of plates above described are uniform and 
equally spaced ; and their regular transversely lineal disposition on the rays gives a 
remarkable and characteristic appearance to the species. The interspaces between the 
plates are occupied by small and remarkably uniform papule. A few widely spaced, 
isolated, forcipiform pedicellariz are present among the papul and on the plates. 

The armature of the actinal series of plates adjacent to the adambulacral plates, which 
I consider to be the representatives of infero-marginal plates, consists of four or occasion- 
ally five short, robust, slightly compressed, truncate or obtusely tipped spinelets. The 
uppermost spinelet is rather smaller than, and somewhat isolated from, the others, which 
are arranged in a slightly oblique transverse series; when four are present between the 
uppermost spinelet and the adambulacral plates, they may be arranged in two slightly 
oblique pairs. Near the small upper spinelet are two or three forcipiform pedicellaric 
similar to those on the abactinal and lateral areas ; and between the transverse series of 
larger spinelets, near the adambulacral plates, may be occasionally a large isolated forfici- 
form pedicellaria, with broad, expanded, denticulate, interlocking jaws, fancifully resem- 
bling a cat’s paw, and recalling by their shape the forficiform pedicellarie in Stcchaster 


Selipes. 


The adambulacral plates abut on the infero-marginal plates, and their armature consists 
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of two moderately elongate, robust, cylindrical, slightly tapering, obtusely tipped, equal 
spinelets, which stand close together one behind the other. At the base of the innermost 
spine, on the margin of the furrow, are occasional medium-sized forficiform pedicellariz, 
and near the mouth some of these are of the cat’s-paw form mentioned above. 

The madreporiform body, which is large and conspicuous, is situated near the margin ; 
its surface is slightly convex and marked with numerous fine, much convoluted striations, 
and its circumference is surrounded by a close circlet of about twenty-two short papilliform 
spinelets doubled in places. 

The ambulacral tube-feet, which are crowded, are disposed in a quadriserial arrange- 
ment, and have a small, fleshy, centrally invaginated terminal disk. 

Colour in alcohol, a bleached greyish white. 

Locality.—Station 311. Off the western coast of South America, near the entrance to 
the Strait of Magellan, opposite Port Churruca. January 11, 1876. Lat. 52° 45’ 30"S., 
long. 73° 46’ 0” W. Depth 245 fathoms. Blue mud. Bottom temperature 46°-0 Fahr. ; 
surface temperature 50°°0 Fahr. 

Remarks.—This remarkably handsome form is readily distinguished from all other 
species by the regular uniserial transverse lines of well-spaced, uniform, granule-like spinelets 
borne on the plates, by its general form and structure, and by the armature of the actinal 
or infero-marginal plates. Possibly the starfish described by Philippi’ under the name 
of Asteracanthion fulvwm may be allied to and congeneric with Stuchaster polygrammus, 
but it is clearly specifically distinct, as shown by the radial proportions, and by the state- 
ment that the series of plates most remote from the median radial series bear only two 
spines. In Stichaster polygrammus five or six are regularly present ; and the pedicellarie 
could scarcely be described as numerous or small, as is the case in Asteracanthion fulvwm. 
Unfortunately no types of the Chilian starfishes described by Philippi are available in any 
of the European collections, so far as I am aware, and no figures accompany the otherwise 
excellent descriptions. 


Genus Neomorphaster, n. gen. 
Glyptaster, Sladen in Narr. Chall. Exp., 1885, vol. i. p. 612 (non Glyptaster, Hall, 1852). 
Disk small. Rays broad at the base, comparatively long, subrigid and tapering. 
Interbrachial ares subacute. 
Abactinal area of the disk occupied by largely developed permanent primary apical 


plates, the dorso-central, basals, and radials being conspicuous; under-basals are also 
present. 


Rays covered with large, subhexagonal, slightly convex, imbricating plates, arranged 
in perfectly regular longitudinal lines; and bearing a few large, widely-spaced, semi- 


1 Archiv f. Naturgesch., 1870, Jahrg. xxxvi., Bd. i, p. 270. 
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circular, translucent granules. Three abactinal and two marginal series of plates present. 
Large papulze occur between the series of plates, one opposite each suture, and these form 
regular longitudinal lines between the rows of plates. 

Adambulacral plates small. Armature consisting of two spines, which radiate apart 
and form two regular longitudinal series, one directed towards the furrow, the other 
outward. 

A single series of actinal intermediate plates present between the infero-marginal and 
adambulacral plates, which bear two or rarely three spines, placed side by side, and form- 
ing a longitudinal series along the ray. A few additional plates similarly armed are 
present at the base of the ray in large specimens. 

Madreporiform body small, circular, occupying the centre of a primary basal plate. 
Strize coarse and regular in arrangement. 

Anal aperture distinct ; excentric in position. 

Small forcipiform pedicellarize present on the lateral regions of the rays and also, but 
less frequently, on the abactinal areas in the neighbourhood of the papule. 

Ambulacral tube-feet, with a fleshy terminal disk centrally invaginated, forming four 
alternating rows along the greater part of the ray; at the extremity the arrangement is 
in simple pairs. 

Remarks.—This exceedingly handsome form appears to occupy an intermediate posi- 
tion between Zoroaster and Stichaster. So far as known it is limited to the northern 
area of the Atlantic. 


Chorology of the Genus Neomorphaster. 
a. Geographical distribution :-— 


ATLANTIC : One species between the parallels of 35° and 45° N. 
Neomorphaster eustichus, off the Azores. 


8. Bathymetrical range : 900 to 1000 fathoms. 
y. Nature of the Sea-bottom: Pteropod ooze. 


Chorological Synopsis of the Species. 


Ocean. Range in Fathoms. Nature of the Sea-bottom. 


Neomorphaster eustichus . é Atlantic. 900 to 1000. Pteropod ooze. 
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1. Neomorphaster eustichus, n. sp. (Pl. LXVL figs. 3and 4; Pl. LXVIII. figs. 9 and 10). 


Rays five R=49mm.; r=11mm. R<4:5 r. Breadth of a ray at the base, 10 mm. 
Rays high and broad at the base, tapering gradually to the extremity ; roundly 

arched abactinally ; plane actinally. Interbrachial ares subacute, with a tendency to be 
rounded. Actinal surface plane, but deeply depressed round the mouth. 

The disk is high and a central area occupying more than half the abactinal surface is 
distinctly depressed, the plates round its margin being on a higher level. This area 
contains the primary apical plates, which are disposed in the followmg manner. The 
centre is occupied by the dorso-central plate, external to this are five small under-basals, 
which are succeeded by five large basal plates, slightly larger than the dorso-central ; and 
between these and the under-basals are large isolated papulze. Outside the cycle of basal 
plates are five large primary radial plates, nearly as large as the basals, each of which is 
separated from its accompanying under-basal by a large papula. On the outer side of 
the basal plates are two small plates side by side, and these with the age radials 
complete the outermost cycle of the depressed area. 

The rays are covered with large, subhexagonal, slightly convex plates which sibvieate 
on one another and are arranged in perfectly regular longitudinal lines, the plates dimi- 
nishing regularly as they proceed outward. The adjacent plates of the different series are 
equal in length and consequently form transverse series. he plates of the median radial 
series are the largest. The plates of the next series are smaller; and the succeeding 
ones, which represent the supero-marginal plates, are nearly as large as the median series. 
The infero-marginal plates, which stand vertical in the lateral wall of the ray, are nearly 
equal to the superior series. 

All the plates of the seven longitudinal series above-mentioned and the abactinal 
plates of the disk bear a few, large, widely spaced, semicircular, translucent granules. 

Along the rays a large papula stands opposite the suture between each plate, and 
these form regular longitudinal lines separating the rows of plates. 

Small forcipiform pedicellariz are present on the lateral regions of the ray and also, 
but less frequently, on the abactinal area, in the neighbourhood of the papule. 

The adambulacral plates are small, and their armature consists of two short, thick, 
robust, obtuse, equal spines, which radiate apart, one directed toward the furrow, the 
other outward, and form two regular longitudinal series. 

Between the adambulacral and the infero-marginal plates is a series of elongate actinal 
intermediate plates which bear two or rarely three short, robust, obtuse, papilliform 
spinelets, placed side by side and forming a longitudinal series along the ray. This series 
of spinelets coincides with the more or less angular junction of the lateral and actinal 
surfaces of the ray, and leads at first sight to the inference that these are the representatives 
of lateral spines and that the series of plates are the infero-marginal plates. From their 
form and character, however, I do not consider that this is the true interpretation. At 
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the base of the ray a few additional plates similarly armed are present, but there do not 
appear to be more than four or five on each side of the median interradial line, and these 
form a short series parallel to the series already described. A few forcipiform pedicellarize 
are present between the two series of spines. 

The mouth-plates trend upward into the buccal cavity. The mouth-spines are similar 
in form and size to the spines on the adambulacral plates. The actinostome is rather 
small. 

The madreporiform body is circular and occupies the centre of one of the basal plates. 
The striz are coarse and arranged with great regularity, their general trend being centri- 
fugal. The surface of the madreporiform body is slightly depressed and its margin is 
surrounded by a ring of granules. 

The anal aperture is distinct and situated external to the dorso-central plate. 

The ambulacral furrow is wide; and the tube-feet are closely crowded, forming four 
alternating rows until near the extremity—those on the outer fourth or fifth being in two 
simple rows. The tube-feet have a fleshy terminal disk with an invaginated centre. 

The terminal plate is very small, and the granules upon it are elongate and papilliform 
in comparison to those on the adjacent plates. 

Colour in alcohol, a bleached yellowish white. 

Young Phase.—The smallest example amongst the series, which measures R= 13°5 mm., 
presents all the characters of the adult, and could not possibly be mistaken. It is to be 
noted, however, that the central area of the disk is not yet depressed. It is occupied 
by the large dorso-central and basal plates which are contingent, the under-basals being 
extremely small. 

Localities.—Station 73. West of Fayal, Azores. June 30, 1873. Lat. 38° 30’ 0” N., 
long. 31° 14’ 0” W. Depth 1000 fathoms. Pteropod ooze. Bottom temperature 39°°4 
Fahr. ; surface temperature 69°°0 Fahr. 

Station 76. Between the Islands of San Miguel and Pico, Azores. July 3, 1873. 
Lat. 38° 11’ 0” N., long. 27° 9’ 0” W. Depth 900 fathoms. Pteropod ooze. Bottom 
temperature 40°°0 Fahr. ; surface temperature 70 0 Fahr. 


Genus Tarsaster, n. gen. 


Rays elongate and subcylindrical as viewed from above. Disk small, with the junction 
of the rays indicated. 

Abactinal area of the disk covered with large, permanent, primary apical plates. The 
rays covered with plates arranged in longitudinal series. The median series large, 
subimbricating. All the plates bearing short, co-ordinated spines (one to three in number 
in the type form). Plates covered with membrane bearing small isolated forcipiform 
pedicellariz. 
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Supero-marginal plates large. Infero-marginal plates small, each with one small, 
compressed, horizontally disposed lateral spine, forming a regular longitudinal series at the 
ambital margin. Papulee single, isolated, forming regular longitudinal lines between 
the plates. 

Adambulacral plates small, contingent on the infero-marginal plates, not separated 
by papule. Adambulacral armature consisting of two equal spines which form two 
regular longitudinal rows. 

Adambulacral tube-feet quadriserial in arrangement, with a fleshy, button-like, 
centrally invaginated terminal disk. 

Madreporiform body small, occupying the median area of a basal plate near the 
margin. 

Anal aperture present, excentric, external to the dorso-central plate. 


Chorology of the Genus Tarsaster. 
a, Geographical distribution :— 


Pactric: One species between the parallels of 10° N. and 10° S$. 
Tarsaster stoichodes, off D’Entrecasteaux Reef, North of Ad- 
miralty Islands. 


8. Bathymetrical range: 150 fathoms. 
y. Nature of the Sea-bottom: Coral mud. 


Chorological Synopsis of the Species. 


Ocean. | Range in Fathoms. Nature of the Sea-bottom. 


Tarsaster stoichodes . ; Pacific. | 150 Coral mud. 


1. Tarsaster stoichodes, n. sp. (Pl. CIV. figs. 5-8). 

Rays five R=53mm.; r=5mm. R>107. Breadth of ray at the base, 6°75 mm. 

Rays elongate, rather broad at the base in relation to the small disk, subeylindrical, 
convex, and arched abactinally, tapering from the base to the extremity, slightly con- 
stricted at the base. Disk very small, slightly convex, not higher than the base of the 
rays, the junction of the rays and disk being defined by a depression. 

The abactinal area is beset with relatively large plates. The disk is covered with the 
primary apical plates, very few others being present. The plates upon the rays are 
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arranged in nearly regular longitudinal lines, the median radial series being larger than 
those adjacent on each side. Between the median series and the adambulacral plates on 
each side are three or four longitudinal series. The plates of the median radial series, 
which imbricate slightly, are more or less convex or crested transversely, and each bears 
three short, robust, cylindro-conical, obtusely tipped spinclets, the middle spinelets being 
placed rather more adcentrally than their lateral companions. ‘The surface of the plate is 
covered with a close-fitting membrane, upon which are borne two or three small isolated 
forcipiform pedicellariz. The plates of the most outward series are smaller, and bear 
normally one spinelet, but two may be present near the base of the ray, accompanied by 
one or two pedicellariz. These are succeeded by a second series of small plates similarly 
armed with one spine, which alternate with the first series. Then follows a series of large 
broader plates at the edge of the ray, which represent the supero-marginal plates; each of 
these bears two or three spinelets, one spine being placed on the middle of the plate and 
another near the inferior end of the plate; the latter appears somewhat isolated, and is 
borne either on a prolongation of the plate or on a small intermediate plate, but I am 
unable to state which without dissection. T'wo or three isolated, small, forcipiform pedicel- 
lari occur on all the plates, and each of the series is separated by a longitudinal series of 
single isolated papule. Immediately external to the adambulacral plates, directly contin- 
gent and not separated by any papule, is a longitudinal series of small plates which 
represent the infero-marginal plates. Hach of these bears a short, compressed, almond- 
shaped spinelet directed horizontally, forming a regular and conspicuous series of lateral 
spines standing at the extreme margin of the ray. One or two smaller pedicellarie stand 
at the base of this spine on the superior side. 

The adambulacral plates are very smal]. Their armature consists of two rather long, 
cylindrical, slightly compressed, obtuse spinelets, placed one behind the other, and forming 
two recular longitudinal rows. The outer series on the two sides of the ray are capable of 
entirely closing the furrow, masking the inner series of spinelets and the tube-feet. 

The madreporiform body is small and circular, and appears to occupy the centre of a 
rather large plate, the covering membrane of which terminates abruptly at the margin of 
the madreporiform body. Its surface is grooved with comparatively few fine striations. 

The larger apical plates on the disk bear two or three spines similar to those on the 
rays. A dorso-central, primary radials, basals, and under-basals, are distinguishable. 

The anal aperture is excentric. 

The ambulacral tube-feet, which are small and quadriserial in arrangement, have a 
fleshy, button-like, terminal disk. 

Colour in alcohol, a light orange yellow. 

Locality.—Station 219. Off D’Entrecasteaux Reef, North of the Admiralty Islands. 
March 10, 1875. Lat. 1° 54’ 0” S., long. 146° 39’ 40” E. Depth 150 fathoms. Coral 
mud. Surface temperature 84°:0 Fahr. 
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Family SoLastERID4&, Perrier, 1884. 


Notwithstanding the remarkable and in many respects archaic characters of the 
genera Solaster and Crossaster, they have until quite recently been classed with the 
Echinasteride. The discovery of deep-sea forms more or less closely allied has, however, 
excited closer attention, and in 1884 Perrier’ established the family Solasteride, which 
comprised Korethraster, Lophaster, Radiaster, Ctenaster, Solaster, and Crossaster. 

With this classification I fully concur, reserving only any expression of opinion as to 
the validity of the position of Radaster and Ctenaster in this family, in consequence of 
my want of knowledge of the structure of the forms in question. I have on these grounds 
not included them in the following table. 

I have added to the family two new genera, Peribolaster and Rhipidaster, the former 
approaching Korethraster in its affinities and the latter Crossaster. 


Synopsis of the Genera included in the Family SoLastERIDs. 


A. Armature of the adambulacral plates in two series at right angles to each 
other . : : . - . . SOLASTERINE. 
a. No actinal intermediate ‘lates Seu ‘the ray. 
a. With one series of well-developed marginal paxil. 
a. Abactinal structure reticulate. With widely spaced peni- 


cillate paxille. Papule numerous . : : Ql : Crossaster. 
8. Abactinal structure formed of stellate plates. With small 
closely crowded paxilla. Papulz single or few . 5 . Solaster. 
b. With two series of well-developed marginal paxille . 3 : Lophaster. . 
b. A continuous series of actinal intermediate plates along the ray, each of 
which bears an obliquely placed comb of spines . : : Rhipidaster. 
B. Armature of the adambulacral plates forming with that of the Ses ee 4 
mediate or infero-marginal plates a single transverse series . . KorerHrasterinz. 
a. Abactinal plates polygonal or rounded in outline.. The spines compos- 
ing the paxilliform tufts naked and free. 5 : 5 : : Korethraster. 


b. Abactinal plates cruciform; forming wide meshes. The spines com- 
posing the paxilliform tufts in membranous sacs which are united 
together in the interior of the group . : : 5 : : ¢ Peribolaster 


Subfamily SoLasterin#®, Sladen, 1888. 


Genus Crossaster, Miller and Troschel. 
Crossaster, Miiller and Troschel, Monatsber. d. k, preuss. Akad. d. Wiss. Berlin, 1840 (April), p. 103. 
The question of the validity of recognising Crossaster, Solaster, and Lophaster, as 
independent genera, has been so fully discussed by recent writers, that I do not propose 
to touch upon the subject further than to state that I maintain the three genera as 
1 Nouv. Archives Mus. Hist. Nat., 1884, 2e Série, t. vi. p. 164. 
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distinct ; and also that in my opinion the admirable illustrations given by Danielssen and 
Koren’ in their memoir on the Asteroidea of the Norwegian North Atlantic Expedition 
support this view, notwithstanding the fact that the learned authors referred to considered 
that all the forms belonged to one genus. 


Chorology of the Genus Crossaster. 
a, Geographical distribution :— 


Atiantic : Two species between the parallels of 40° N. and 82° N. 

Crossaster affinis, in the North Atlantic between Norway, Spitz- 
bergen, and Greenland; also in Bering Strait (fide Brandt). 
*Crossaster papposus, in the whole northern area of the Atlantic, 
extending up Smith Sound to Discovery Bay ; from Assistance Bay, 
Newfoundland, Grand Manan, Massachusetts, Spitzbergen, Barent’s 
Sea, Iceland, Nova Zembla, the Murman coast, the Scandinavian, 
British, and French coasts. 


SouTHERN OcEAN: One species between the parallels of 35° S. and 50° 8. 
*Crossaster penicillatus, from between Nightingale Island and 
Marion Island. 


Pactric: One species between the parallels of 5° N. and 5° 8, 
Crossaster neptuni, from Ecuador. 


8. Bathymetrical range : Shallow water to 640 fathoms. 
Greatest range of one species: Crossaster papposus, shallow water to 640 
fathoms. 
Crossaster affinis is the only other species which extends into the Abyssal 
zone, its range being 70 to 634 fathoms. 


y- Nature of the Sea-bottom: Crossaster papposus is usually found on a hard bottom s 
also on Clay. Crossaster affinis frequents a Clay bottom, usually coarse and 
sandy, sometimes hard and stony. Crossaster penicillatus lives on Voleanic 
mud. 

The species collected by the Challenger are indicated in the above list by an 

asterisk. 

Asterias alboverrucosa, Brandt,’ from Bering Strait, is probably a Crossaster, but as 
it appears to have been described from a drawing only, and as no subsequent author has 
referred to the type, I have not therefore felt justified in including it in the notice of 
the genus. 


1 Den Norske Nordhavs-Expedition, 1876-1878, Zoologi, xi. Asteroidea, 1884, tab. ix. 
2 Act. Acad. St. Pétersb, 1834, p. 271; Prodr. descr. anim. ab Mertensio obs., fase. i. p. 71. 


444 THE VOYAGE OF H.M.S. CHALLENGER. 


Chorological Synopsis of the Species. 


Ocean. Range in Fathoms, Nature of the Sea-bottom, 
AP f Atlantic (? Pacific : Clay (coarse, sandy, Blue) ; 
Crossaster afjinis  . - - |) Bering Strait). 70 to 634 Since 4 2 
Crossaster neptuni . : ay | eueaeitic: eee see 
Crossaster papposus . : . | Atlantic. Shallow water to 640 Hard ground, Clay. 
Crossaster penicillatus . . | Southern Ocean. 140 Volcanic mud. 


1. Crossaster papposus (Linck), Miler and Troschel. 


Triskaidecactis papposus, Linck, 1733, De Stellis marinis, p. 43, tab. xxxii. No. 52, tab. xxxiv. 
No. 54, 
Asterias helianthemoides, Pennant, 1777, British Zoology, vol. iv. p. 66, No. 72. 
Asterias papposa, Fabricius, 1780, Fauna Greenlandica, p. 369, No. 364. 
Asterias (Solasterias) papposus, Blainville, 1834, Manuel d’Actinologie, p. 241. 
Stellonia papposa, Agassiz, 1835, Prodr. Monog. Rad., Mém, Soe. Sei. Nat. Neuchatel, t. i. p. 192. 
Solaster papposa, Forbes, 1839, Ast. Irish Sea, Mem. Wern. Soc., vol. viii. p. 121. 
Crossaster papposus, Miiller and Troschel, 1840 (April), Monatsber. d. k. preuss. Akad. d. Wiss. 
Berlin, p. 103. 
Solaster (Polyaster) papposa, Gray, 1840 (November), Ann. and Mag. Nat. Hist., vol. vi. p. 183, 
Localities.—Station 48. South-west of Halifax, Nova Scotia. May 8,1873. Lat. 43° 
4’ 0" N., long. 64° 5/0” W. Depth 51 fathoms. Rock. Surface temperature 38°0 Fahr. 
“Porcupine” Expedition : 
Station 52. In the Faerde Channel. Lat. 60° 25’ N., long. 8° 10’ W. Depth 384 
fathoms. Bottom temperature —0°°8 C.; surface temperature 11°-2 C. 
Station 57. In the Faerde Channel. Lat. 60° 14’ N., long. 6°17’ W. Depth 632 
fathoms. Bottom temperature —0°-8 C.; surface temperature 11°'1 C. 
Station 64... Between the Faerée and Shetland Islands. Lat. 61° 21’ N., long. 3° 44’ 
W. Depth 640 fathoms. Bottom temperature —1°1 C.; surface temperature 9°-3 C. 
“Knight Errant” Expedition : 
Station 3. In the Faerée Channel. August 3 and 4, 1880. Lat. 59° 12’ N., long. 
5° 57’ W. Depth 53 fathoms. 


la. Crossaster papposus, var. septentrionalis, Sladen. 
Crossaster papposus, var. septentrionalis, Sladen, 1882, Proc. Roy. Soc. Edin., vol. xi. p. 704. 


Rays ten, short, broad at the base, and sharply tapering. R=35 mm., r=18 mm. 
R<2~,r. Abactinal surface of the disk gibbous, sloping rather quickly at the base of the 


1 This occurrence is recorded in Sir Wyville Thomson’s Depths of the Sea, but I have not seen any 
specimen from this station. 
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rays. Paxillz small, numerous, closely crowded, with ten to twenty-one spinelets, which 
are more or less divergent from the pedicle. Fifteen to seventeen paxille may be counted 
in the median interradial line, and about ten across the base of the ray. Papule few, not 
more than one to three in a group. 

Adambulacral armature consisting of: (1.) a furrow series of six spines on each plate 
near the mouth, and five on the more outward plates, the aboral spine smallest; (2.) a 
transverse series on the actinal surface of the plate composed of eight spines. The two 
spines nearest the furrow are placed more aborally than the rest, which gives the line of 
base of each transverse series an aboral curve at the furrow side. The middle spines 
are longest, the outermost smallest; all tapering to a fine point, robust at the base; no 
webbing apparent. Mouth-plates with robust mouth-spines, and a prominent series of 
nine or ten secondary or superficial spinelets, larger than the marginal mouth-spines. 
Interradial areas covered with small paxille, and rather crowded. 

Remarks.—This variety, which was dredged in the Faerdée Channel, seemed to me 
worthy of being recognised by name on account of its constancy over a considerable area 
of distribution. The form is ten rayed, and accords in this and other particulars with a 
number of examples collected during the “ Porcupine” cruise. The chief characters are 
persistent throughout the whole series of specimens I have examined, but several are 
present in an extreme degree in the Faerée-Channel specimen. 

On comparing with the above form a typical Crossaster papposus of the same diameter, 
it will be found that in the latter the rays, which are eleven to thirteen in number, are 
less tapering and relatively longer, the proportion being R>2°5 7. The abactinal area of 
the disk is very little higher than the rays. The paxille are larger, fewer, more widely 
spaced, and bear a greater number of spinelets, usually about forty, which are arranged 
much more compactly and give the paxille a more rounded appearance,—often resembling 
that of a well-worn brush, the central spinelets being longest. The papule are more 
numerous, five to ten or more. The spinelets of the adambulacral armature are three in 
number in the inner or furrow series,—a fourth very minute one, placed aborally, being 
present near the mouth. The transverse combs consist of five spinelets, those near the 
furrow series the longest ; line of base straight ; webbing at the base more or less present. 
All the spinelets are more delicate in character than in the variety. Mouth-plates with 
delicate spines; secondary mouth-spines not more than two or three. Interradial areas 
quite naked, or with only one or two small paxille. 

This variety conforms in several respects with the admirable description given by 
Danielssen and Koren’ of the form they refer to the Solaster affinis of Brandt. The 
differences are, however, so marked that I cannot regard them as one and the same form ; 
and in none of the specimens which I have examined from either the ‘‘ Porcupine ” or the 


1 Nyt Mag. f. Naturvidensk., 1877, Bd. xxiii., 3, p. 57; Den Norske Nordhavs-Expedition, 1876-1878, 
Zoologi, xi. Asteroidea, 1884, p. 44, tab. vill. fig. 11, tab. ix. figs. 7, 8, 14. 


446 THE VOYAGE OF H.M.S. CHALLENGER. 


“Knight Errant” dredgings, can I recognise an identity with the specimens described by 
the eminent Norwegian naturalists. Judging from the description above cited, it seems to 
me that the variety septentrionalis occupies an intermediate position between the typical 
form of Crossaster papposus and the Solaster afjinis of Danielssen and Koren, and this 
circumstance previously led me! to express the opinion that the latter form might be a 
locational variety of the type of Crossaster papposus. 


2. Crossaster penicillatus, n. sp. (Pl. LXX. fig. 5; Pl. LXXIT. figs. 9 and 10). 


Rays nine. R=34 to 36 mm.; r=12 mm. R<3 7. Breadth of a ray near the 
base, 6 mm. 

Rays narrow and rather attenuate, more or less arched abactinally and with a tendency 
to be carinated on the outer part. Disk slightly inflated. Interbrachial arcs rounded. 

Abactinal area with small delicate plates forming a reticulated network with wide 
meshes, bearing small, rather widely spaced paxilliform tufts of spinelets, articulated on a 
tubercular base. The larger paxille on the disk and at the base of the rays have a crown 
of about ten or more spinelets, five or six being long and needle-like, the rest much 
shorter. From two to four large isolated papule occur in the meshes. No definite order 
of arrangement is discernible in the disposition of the paxille. 

The marginal plates (the representatives of the infero-marginal series) are large and 
very widely spaced, and resemble greatly enlarged paxille. The base is thick and large, 
slightly compressed (the major axis being placed obliquely in relation to the axis of the 
ray) and bears a crown of about twelve to fifteen needle-like spinelets. 

The armature of the adambulacral plates consists of two series of spinelets. (1.) A 
furrow series of four or five elongate spinelets united for a short distance at their base 
by a delicate membranous web, and forming a fan directed over the ambulacral furrow. 
(2.) A transverse lineal series of seven or eight long robust spines, longer than those of the 
furrow series, which may form either a straight or a slightly curved line on the actinal 
surface of the plate. These spinelets diminish in size at the outer end of the series, and 
are united for a short distance at their base by a delicate membranous web. 

The mouth-plates are large and the united pair have a spade-shaped outline. Their 
armature consists of a marginal series of about nine elongate spinelets on each plate, the 
innermost one being larger and more robust than the others, which diminish a little in 
size as they recede from the mouth, and are rather smaller than the furrow series of 
spinelets on the adambulacral plates generally. They are united for a short distance at 
their base by a delicate membranous web, and form a slightly scoop-like marginal fringe. 
On the actinal surface of each plate are seven or eight elongate spinelets in a slightly 
curved lineal series, but sometimes irregular at the inner end of the series, where three 
spinelets may simulate a transverse series. 


1 Memoir of the Echinodermata of the Arctic Sea to the West of Greenland, London, 1881, p. 39. 
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The actinal interradial areas of the disk are covered with membrane, beneath which 
may be detected traces of small intermediate plates; and on only one or two of these is 
there a single short stumpy spine. 

The madreporiform body is small, circular, convex, and situated about midway between 
the centre of the disk and the margin. 

The ambulacral tube-feet have a large, fleshy, centrally invaginated terminal disk, 

Colour in alcohol, a dirty brownish white. 

Young Phase (?).—There is a very small example of a Crossaster from Station 145, 
which I am inclined to think may be the young of this species, but the specimen is too 
small for accurate determination, measuring only R=7‘5 mm. There are ten rays. In 
the armature of the adambulacral plates there are two or three spinelets in the furrow 
series, and four or five in the transverse series. 

Localities.—Station 135c. Off Nightingale Island, Tristan da Cunha. October 17, 
1873. Lat. 37° 25’ 30” S., long. 12° 28’ 30” W. Depth 110 fathoms. Surface tem- 
perature 54°°0 Fahr. 

? Station 145. Off Marion Island. December 27, 1873. Lat. 46° 43’ 0” S., long. 
38° 4’ 30” KE. Depth 140 fathoms. Volcanic sand. Surface temperature 41°-0 Fahr. 

Remarks.—This species resembles Crossaster papposus in habit, but is distinguished 
from that form by the number of rays, which are also narrower and more attenuate, by 
the widely spaced marginal combs, by the smaller paxillz on the abactinal surface, which 
are more widely spaced and have fewer and more elongate spinelets in the crown, by the 
distinctly rounded interbrachial arcs, and by the skin-covered actinal interradial areas 
devoid of spinelets, as well as by the character of the armature of the adambulacral plates. 


Genus Rhipidaster, n. gen. 


Disk large, slightly convex, general form depressed, the habit resembling that of 
Crossaster. Rays (eight in the type form) robust and tapering. 

Abactinal plates forming a wide-meshed reticulated network, bearing isolated paxilli- 
form tufts of spinelets. Several large isolated papule are present in the meshes; and 
the membrane of the interspaces is beset with round, granule-like, fleshy papillae round the 
margin of the papular orifice, and groups of the same are present on the membrane. 

A series of marginal plates (? supero-marginal) which bear paxilliform tufts of rather 
elongate spines appressed to the ray, defines the abactinal area. 

A single complete longitudinal series of actinal intermediate (or perhaps the repre- 
sentatives of infero-marginal) plates is present between the supero-marginal and adam- 
bulacral plates, each plate bearing a flat fan of spines appressed to the ray. 

Adambulacral plates large. Armature consisting of two series of spines. (1.) The 
furrow series of seven or eight delicate spines partially united by a membranous web, 
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and forming a semicircular scoop-like fan. (2.) An obliquely placed flat comb of four 
spinelets, similar in size and character to those on the actinal intermediate plates and 
appressed to the ray. 

Mouth-plates very large, with a prominent superficial actinal keel. Marginal armature 
forming three fans: an inner or buccal one common tothe two plates, and a lateral one 
on each plate. On the median keel is a short lineal series of small conical spines on each 
plate. 

Madreporiform body small, suboval, situated near the margin, marked with numerous 
very fine striz. 

Anal aperture excentric, inconspicuous. 

No pedicellarize of any kind are present. 

Ambulacral tube-feet with a fleshy terminal disk, centrally invaginated, forming two 
regular series. 

Remarks.—This large and well-marked form resembles Crossaster very closely when 
seen from above. It may be distinguished, however, at once by the structure of the 
actinal surface, the armature of the adambulacral plates, the presence and armature of the 
actinal intermediate plates, the character of the armature of the marginal plates, and the 
structure of the mouth-plates : a congeries of characters which furnish the generic features 


of Rhipidaster. 


Chorology of the Genus Rhipidaster 
a. Geographical distribution :— 
EastERN ARCHIPELAGO : One species between the parallels of 5° and 15° 8. 


Rhipidaster vannipes, in the Arafura Sea, between Cape York 
and Frederick Henry Island. 


8. Bathymetrical range: 28 fathoms. 
y. Nature of the Sea-bottom: Green mud. 


Chorological Synopsis of the Species. 


Ocean. | Range in Fathoms. Nature of the Sea-bottom. | 


| 
Rhipiduster vannipes . . | Eastern Archipelago. | 28 Green mud. | 


1. Rhipidaster vannipes, n. sp. (P]. LXIX. figs. 1-4). 


Rays eight. R=85 to 88 mm.; r=27 mm. R<3~7r. Breadth of a ray at the base, 
about 18 mm. 


Disk large, the general habit resembling that of Crossaster papposus. Rays rather 
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longer than the diameter of the disk, robust, broad at the base, and tapering to the 
extremity, slightly convex actinally. Interbrachial arcs acute. 

Abactinal area with plates forming a reticulated network with wide meshes. The 
plates bear at widely spaced intervals tubercular eminences, on which are borne paxilliform 
tufts of four or five spinelets, which are robust at the base, tapering to a point, about 
3 mm. in length, and usually all drawn together at the tip like a paint-brush when 
moistened and drawn to a point. No order of arrangement is discernible in the dis- 
position of the paxille. Large isolated papule are present in the meshes, five, six, or 
even more, in those which are largest. These are remarkable from the fact that the 
margin of the orifice is beset with a ring of round, granule-like, fleshy papille, groups of 
which also occur on the intervening membrane, giving it a more or less verrucose appear- 
ance. The papul also appear to be delicately verrucose. 

The marginal plates (? supero-marginal) form a regular and well-defined longitudinal 
line, and each bears a tuft of five or six spinelets rather longer and more robust than 
those on the abactinal paxillae and appressed to the ray, the direction being nearly hori- 
zontal and outward. ‘This series of plates is separated by a rather wide and well-defined 
space, occupied by smooth membrane, from another perfectly regular longitudinal series 
of plates situated midway between the supero-marginal plates and the adambulacral plates, 
and consequently midway on the actinal surface of the ray. These are either infero-marginal 
plates or actinal intermediate plates, but [ am unable to say definitely which series they 
represent without mutilating the single example; I am inclined to rank them as inter- 
mediate plates. The plates in question are armed with a flat comb of four or five spinelets, 
similar to those on the marginal plates above described, more or less appressed to the ray, 
their direction being usually oblique and outward at an angle of about 45° to the line of 
the furrow. 

The adambulacral plates are large and broader than long. Their armature consists of 
two series of spinelets. (1.) An inner or furrow series of seven or eight delicate, rather 
elongate, tapering spinelets, the outermost of the series rather smaller than the others, and 
all united for about half their length by a membranous web, forming a rather elongate, 
semicircular scoop or fan, the membrane extending uninterruptedly upon and covering the 
plate. (2.) Far back on the actinal surface of the plate is an oblique flat comb of four 
elongate, pointed spinelets, much larger and more robust than the furrow series, and 
similar to the spinelets on the actinal intermediate plates above described. They are 
appressed to the ray, their base line is oblique in position on the plate, and their direction 
is outward and at an angle of about 45° to the line of the furrow. The series of these 
actinal spines forms a regular longitudinal line along the ray. There are thus three regular, 
distinctly spaced, longitudinal lines of combs of spines visible on the actinal surface of 
the starfish. 

The mouth-plates are very large, and have an elongate median eminence along the line 

(ZOOL. CHALL, EXP.—ParRT L.—1888.) 57 
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of suture. Their marginal armature has the appearance of forming three distinct fans, 
one at the inner extremity of the united pair of plates, and one on each plate laterally. 
The former is composed of the innermost five or six spines of each plate, which are robust, 
elongate, the one or two outer ones being smaller than the others, and they are united for 
about a third of their length by a membranous web, which extends uninterruptedly upon 
and covers the plate. The lateral combs are composed of about thirteen spinelets, which 
are shorter and very much more delicate than those in the buccal comb, and increase in size 
as they recede from the mouth, until near the outer extremity, when they again diminish 
in size. ‘These spinelets are also webbed at the base like the buccal comb. On the flanks 
of the median keel there is a lineal series of four or five short conical spines on each plate, 
running parallel to the median suture, which diminish in size as they recede from the 
mouth. No other spines are borne on the mouth-plates. The actinostome is very large 
and widely open. 

I have not been able to detect any supplementary intermediate plates in the inter- 
radial regions, in addition to those of the regular continuous longitudinal series above 
described. 

The madreporiform body is rather small, transversely oval, slightly convex, and is 
situated near the margin. ‘The striz are remarkably fine and numerous. 

The anal aperture is excentric and difficult to detect; two or three neighbouring 
paxillee trend over the aperture, but are not modified in form in any way. 

The ambulacral furrows are rather narrow in comparison to the size of the starfish. 
The tube-feet, which are arranged in two regular rows, have large, fleshy, centrally invagi- 
nated, terminal disks. 

I have not detected the presence of pedicellariz of any kind. 

Colour in alcohol, a light yellowish brown, the paxillee being a bleached ashy white. 

Locality.—Station 188. In the Arafura Sea, between Cape York and Frederick Henry 
Island. September 10, 1874. Lat. 9° 59’ 0” S., long. 139° 42’ 0” E. Depth 28 fathoms. 
Green mud. Surface temperature 78°°5 Fahr. 


Genus Solaster, Forbes. 


Stellonia (pars), Agassiz, Mém. Soc. Sci. Nat. Neuchatel, 1835, t. i. p. 191. 
Solaster, Forbes, Mem. Wern. Soc., 1839, vol. viii. p. 120. 


Crossaster (pars), Miiller and Troschel, Monatsber. d. k. preuss, Akad. d. Wiss. Berlin, 1840 (April), 
p: 103: 


Solaster (subgenus Endeca), Gray, Ann. and Mag. Nat. Hist., 1840 (November), vol. vi. p. 183. 


The genus Solaster, like Crossaster (with a single exception), was hitherto known 
only from the northern hemisphere. The new species obtained by the Challenger from 
the Pacific and Southern Oceans indicate a wide area of distribution. The bathymetrical 
range of Solaster is greater than that of the allied genus Crossaster. The discovery of 
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undoubted members of the genus at such widely separated localities, leads to the inference 
that future dredgings in the Pacific and Southern Oceans are likely to increase our 
knowledge greatly as to the distribution of the genus, as well as regarding the amount of 
morphological plasticity of which it is capable. 


Chorology of the Genus Solaster 
a, Geographical distribution :— 
Attantic: Four species between the parallels of 40° and 81° N. 

Solaster abyssicola and Solaster earllii, off the coast of the 
United States of America. *Solaster endeca, from the coasts of 
Greenland, North America, N orway, and Britain, the Faerée Islands, 
Iceland, Spitzbergen, and extending to the Murman coast. It is 
also represented by a variety (fide Brandt), Solaster endeca, var. 


decemradiata, at Sitka. Solaster glacialis, between Norway and 
Beeren Island. 


SOUTHERN OcEAN: One species between the parallels of 45° and 55° §. 
*Solaster subarcuatus, between Kerguelen and Heard Island. 


Pactric: Four species between the parallels of 60° N. and 60° 8. 
Solaster endeca, var. decemradiata (Brandt), from Sitka. 


*“Solaster pawillatus, off Japan. *Solaster torulatus, from north 
of the Kermadec Islands. *Solaster regularis, off the west coast of 
Patagonia. 


8. Bathymetrical range: Shallow water to 1537 fathoms. 
Greatest range of one species: Solaster abyssicola, 843 to 1537 fathoms. 
Solaster torulatus also extends into the Abyssal zone. Solaster paxillatus 
is confined to the Continental zone. 


y. Nature of the Sea-bottom: Solaster endeca occurs on Clay (fine or Blue), Stones 
or Sand. Solaster glacialis on Sandy clay. Solaster regularis on Blue mud. 
Solaster subarcuatus on Coarse gravel. Solaster torulatus on Volcanic mud. 
Solaster paxillatus on Green mud. 
Solaster gracilis, Grube,’ the type of which I have examined in Breslau, is a small 
eight-rayed Lwidia, too young for specific determination, and is not a Solaster at all. 
The species dredged by the Challenger are indicated in the foregoing list by an 
asterisk. 
1 Jahres-Ber, Schles. Gesellsch f. vaterl. Cultur, 1864, p. 52. 
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Chorological Synopsis of the Species. 


| Ocean. Range in Fathoms. Nature of the Sea-bottom, 
| Solaster abyssicola . : : d Atlantic. | 843 to 1537 
| Solaster earllit 9 . : c Atlantic. oe Sos 
Solaster endeca 3 ‘ : : Atlantic. | Shallow water to 150 Clay, Stones, and Sand. 
| Solaster endeca, var. decemradiata . Pacific. ae te 
Solaster glacialis . : ‘ : Atlantic. 191 Sandy clay. 
Solaster paxillatus . 5 : : Pacific. 345 Green mud. 
Solaster regularis . : : F Pacific. 175 Blue mud. 
Solaster subarcuatus : : : Southern. 150 Coarse gravel. 
Solaster torulatus . : ; : Pacific. 520 Volcanic mud, 


1. Solaster endeca (Retzius), Forbes. 


Asterias aspera, O. F. Miiller, 1776, Zool. Dan. Prodr., p. 234, No. 2833. 
Asterias endeca, Retzius, 1783, K. Svensk. Vet.-Akad. Handl. Bd. iv. 237. 
Asterias (Solasterias) endeca, Blainville, 1834, Manuel d’Actinologie, p. 241. 
Stellonia endeca, Agassiz, 1835, Mém. Soc. Sci. Nat. Neuchatel, t. i. p. 192. 
Solaster endeca, Forbes, 1839, Mem. Wern. Soc. vol. viii. p. 121. 

Solaster (Endeca) endeca, Gray, 1840, Ann. and Mag. Nat. Hist., vol. vi. p. 183. 


Locality.—Station 48. South-west of Halifax, Nova Scotia. May 8, 1873. Lat. 


43° 4" 0” N., long. 64° 5’ 0” W. Depth 51 fathoms. Rock. Surface temperature 
38°°0 Fahr. 


2. Solaster paxillatus, n. sp. (Pl. LX XI. figs. 1-3; Pl. LXXII. figs. 1 and 2). 
tays nine R=155 mm.; r=50 mm. R>3 7. Breadth of a ray at the base 
about 28 mm. 

The rays are elongate, attenuate, and tapering, having a more or less subcylindrical 
appearance, the tumidity of the sides hiding the infero-marginal paxille altogether when 
the starfish is viewed from above. The disk is large, and its abactinal surface is capable 
of a considerable amount of inflation, as is also the basal portion of the rays. The actinal 
surface of the disk is convex and prominent round the mouth, that of the rays is plane. 
The interbrachial ares are acute, but were probably slightly rounded when the abactinal 
area was inflated during life. 

The abactinal surface is beset with small, low, uniform, paxilliform groups of spinelets, 
which consist of ten to twelve short equal spinelets, standing almost erect, compressed 
together and imbedded in a membranous mass, the tips of all the spinelets being level. 
The paxille, which are exceedingly numerous, are closely placed, and the general appear- 
ance of the abactinal surface to the naked eye at a short distance thereby produced is 
that of a coarsely granular surface. Large single papulee occur in the interspaces. No 
definite order of arrangement is distinguishable in the paxille, except at the sides of the 
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rays, and especially on the outer half of the ray, where a transversely lineal disposition 
may be more or less clearly observed. 

The supero-marginal plates are very small, only slightly larger than the neighbouring 
paxillee of the abactinal area; and they alternate with the plates of the infero-marginal 
series. The infero-marginal plates are large, resembling massive paxille, the pedicle 
of which is metamorphosed into a broad compressed ridge, on which is borne a great 
number (forty to fifty) of short, robust, skin-covered spinelets. The infero-marginal 
paxillee are tolerably well spaced, except in the interbrachial arc; and from fifty-eight 
to sixty-two may be counted between the median interradial line and the extremity. In 
the interbrachial arc and along the inner half of the ray, the infero-marginal paxille are 
entirely on the actinal surface, and they form a very conspicuous margin to the actinal 
interradial areas of the disk, some distance removed from the actual margin, as defined 
by the tumidity of the lateral wall of the rays. 

The adambulacral plates are broad, and their armature consists of two series of spines. 
(1.) A furrow series of short, skin-covered, cylindrical, obtusely-tipped spinelets, five in 
number near the mouth, but four along the greater part of the ray, which become reduced 
to three on the outer third, and finally to two nearer the extremity. (2.) On the actinal 
surface of the plate is a transverse lineal series of five (occasionally four) large, robust, 
slightly tapering, but obtusely pointed, skin-covered spinelets, the innermost one of the 
series being placed out of the line and more aborally than the others. These spinelets 
decrease in number and size as they approach the extremity of the ray. 

The mouth-plates are narrow and comparatively small for the size of the starfish. 
Their armature consists of a marginal series of about ten spinelets on each plate, the 
innermost two or perhaps three being longer than the rest, and there is a general decrease 
in size as they recede from the mouth. All are skin-covered, but no membranous web is 
developed. On the actinal surface of each plate is a lineal series of five large, robust, 
tapering, skin-covered spinelets, placed rather far back on the plate. 

The actinal interradial areas are large and occupied by numerous intermediate plates, 
in which an indistinct arrangement parallel to the adambulacral plates may be made out. 
‘The intermediate plates bear tufts of four or five, and occasionally more, short, robust, taper- 
ing, skin-covered spines, which give a decidedly spinose character to the interradial areas. 

The madreporiform body is hidden by paxillee, and I have failed to detect its presence 
in the type specimen. 

The ambulacral tube-feet have a large fleshy terminal disk. 

Colour in alcohol, a dirty light brown. The ambulacral tube-feet and the buccal 
membrane are a dark purplish lead colour. 

Locality.—Station 232. South of Yeddo, Japan. May 12, 1875. Lat. 35° 11’ 0” 
N., long. 189° 28’ 0” E. Depth 345 fathoms. Green mud. Bottom temperature 41°°1 
Fahr. ; surface temperature 64°°2 Fahr. 
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Young Phase.—I have referred a small example of Solaster, which measures R= 20 
mm., from the same locality to this species. It is figured on Pl. LXX. Although at 
first sight this juvenile appears to differ considerably from the adult, I feel little doubt 
that the differences are only due to age. The number of rays is the same. The paxille 
are relatively larger and more distinctly spaced than in the adult. In the armature of 
the adambulacral plates there are only three spinelets in the furrow series on the plates 
near the mouth, and only two along the ray; the transverse lineal series on the actinal 
surface of the plates consists of three robust spinelets. The infero-marginal paxillz form 
a conspicuous border on the actinal surface, similar to what has been observed in the 
adult, and the actinal interradial areas have a similar spinose character. The armature of 
the mouth-plates consists of a marginal series of eight spinelets, the innermost one being 
remarkable for its size and the capacious membranous sac with which it is invested. On 
the actinal surface of each plate is one large robust spinelet, and further back on the plate 
two or three smaller ones. 

Remarks.—This species is very closely related to Solaster endeca, but may be dis- 
tinguished by the form and character of the paxille, by the large actinal interradial 
areas, by the broad band of infero-marginal paxillee, and by the character of the armature 
of the adambulacral plates. 


3. Solaster regularis, n. sp. (Pl. LXX. fig. 1; Pl. LXXII. figs. 5 and 6). 


Rays eight. R = 90 to100mm.; r= 20mm. R= 45to5r. Breadth of a ray 
at the base 14 mm. 

The disk is high and convex. The rays are long, tapering, and attenuate towards the 
extremity ; in the present condition of the specimen all are curled over on the abactinal 
surface. Interbrachial arcs acute. 

The abactinal surface is beset with very short, rather broad, stumpy paxille, the 
crown composed of six to ten very short tapering spinelets, bi- or tri-dentate at the 
extremity, and their bases imbedded in a membranous mass, which envelops the whole 
basal part of the paxilla. The paxille are widely spaced upon the disk, and numerous 
large papulee occupy the interspaces. Along the rays the paxillae become much smaller 
and more numerous. No definite order of arrangement is discernible, although a slight 
tendency to lineal disposition may be made out along the sides of the rays. 

There is a single series of conspicuous marginal plates, on which a thin elevated keel 
is developed, surmounted by a flattened comb of short robust spinelets, about ten to 
twenty in each, resembling enlarged compressed paxille, the long axis being placed at 
right angles to the median line of the ray. The combs are widely spaced, and about 
forty-two are present between the median interradial line and the extremity. I believe 
these to be the infero-marginal plates; and what I take to be the representatives of the 
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superior series are scarcely distinguishable from the paxille of the abactinal surface 
generally. 

The adambulacral plates are large, and their armature consists of two series of spines. 
(1.) A furrow series of four or five short, flat, lanceolate spinelets, each in a membranous 
sac, which radiate apart and form a fan on the furrow margin of the plate. (2.) An 
actinal series of four or five large robust spines arranged in a straight line on the actinal 
surface of the plate at right angles to the furrow. These’ spinelets are thickly covered 
with membrane, and normally decrease in size as they recede from tbe furrow. The 
general surface of the plate is covered with membrane. 

The mouth-plates are moderately large. Their armature consists of a marginal series 
of about nine spinelets on each plate, the innermost three on each plate being much 
larger than the succeeding ones, and enveloped in wide membranous sacs, which give them 
a compressed lanceolate appearance ; the outer spinelets are much smaller, subconical or 
cylindrical in appearance, and diminish in size as they recede from the mouth. On the 
actinal surface of each plate is a lineal series, parallel to the median suture, of five robust 
sacculated spines which diminish in size as they recede from the mouth, the innermost 
being larger than any of the other mouth-spines. 

In the actinal interradial areas of the disk there are three or four series of small actinal 
intermediate plates, which bear small, compact, well-defined paxilliform groups of four 
to six short equal spinelets; only the innermost of these series extends more than a little 
way beyond the base of the ray. 

The madreporiform body is small, and is situated rather nearer the centre of the disk 
than midway between that point and the margin. Its surface is slightly convex, and 
the striations are fine. 

The ambulacral tube-feet have large, fleshy, centrally-invaginated, terminal disks. 

Colour in alcohol, a bleached greyish white. 

Locality.—Station 308. South of Wellington Island, west coast of Patagonia. 
January 5, 1876. Lat. 50° 8’ 30” S., long. 74° 41/0” W. Depth 175 fathoms. Blue 
mud. Surface temperature 51°:7 Fahr. 

Remarks.—Solaster regularis is characterised by the length of the rays, and by the 
comparatively large and widely-spaced paxille of the abactinal surface : characters which, 
taken in conjunction with the number of the rays and other minor points of detail, at once 
distinguish the species from its allies. 


4. Solaster subarcuatus, n. sp. (Pl. LXX. fig. 2; Pl. LXXII. figs. 7 and 8). 

Rays nin R=38 mm.; r=12 mm. R>3r. Breadth of a ray at the base, about 
7 mm. or rather less. 

The rays are moderately elongate, and taper only slightly on the inner half of their 
length, but more rapidly on their outer half, remaining, however, rather broad even to 
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the extremity, which is obtusely pointed. The abactinal surface of the disk is slightly 
inflated, that of the rays arched, with a tendency towards a carinate appearance. The 
actinal surface is subplane. The interbrachial ares are acute; and there is a sharply 
defined steep sulcus on the disk at the summit of each are. 

The abactinal surface is beset with small paxilliform groups of spinelets. The paxillee 
are rather widely spaced, and the medium-sized ones near the base of the ray are com- 
posed of five or six very short spinelets, which are denticulate at the extremity but not 
tapering, and usually radiate only slightly apart. The paxille are arranged with more 
or less regularity in longitudinal lines along the rays, and single papulz occur in the 
interspaces ; occasionally two may be found together. 

Of the marginal plates the superior series are small, and scarcely distinguishable from 
the paxillee of the abactinal surface. The infero-marginal series resemble large paxille, 
with a broad and massive compressed pedicle, having the major axis placed at right 
angles to the median line of the ray, and surmounted by a crown of about ten to twelve 
spinelets, which are larger and more robust than the spinelets of the abactinal paxille. 
These marginal paxille are tolerably well spaced, and there are about twenty-six between 
the median interradial line and the extremity; those on the outer part of the ray 
becoming smaller in size, and the pedicle being reduced to a subtubercular eminence. 

The adambulacral plates are short but broad, and their armature consists of two series 
of spines. (1.) A furrow series of short, skin-covered, slightly tapering spinelets, which 
are four in number near the mouth, and then three up to the middle of the ray; beyond 
this only two are present, and probably only one at the extremity. When four spines 
are present, the adoral and aboral spines of the series are generally smaller than the 
others. (2.) On the actinal surface of the plate is a transverse lineal series of four or 
five large, robust, cylindrical, obtusely-rounded and thickly skin-covered spinelets, which 
diminish in size as they proceed outward, and are reduced to three in number at the 
extremity of the ray. 

The mouth-plates are large and elongate. Their armature consists of a marginal series 
of eight spinelets on each plate. The innermost three are larger than the others, which 
decrease slightly as they recede from the mouth. All are skin-covered, but there is no 
development of a definite membranous web. On the actinal surface of each plate is a 
lineal series of three or four skin-covered spinelets, which diminish in size as they recede 
from the mouth; the foremost three are long, robust at the base and tapering, but the 
fourth or outermost is usually very small. 

The actinal interradial areas of the disk, which are narrow, are occupied by small inter- 
mediate plates bearing tufts of short, rather robust spinelets, about three to five in each. 

The madreporiform body, which is very small and inconspicuous, is situated nearer the 
centre of the disk than midway between that point and the margin; the striations upon 
its surface are fine, and their direction is more or less centrifugal. 
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The ambulacral furrows are contracted; and the tube-feet, which have a crowded 
appearance, have a well-developed fleshy terminal disk. 

Colour in alcohol, a bleached greyish white. 

Locality.—Station 150. Between Kerguelen Island and Heard Island. February 
2,1874. Lat. 52° 4’ 0” S., long. 71° 22’ 0” E. Depth 150 fathoms. Coarse gravel, 
Bottom temperature 35°°2 Fahr. ; surface temperature 37°°5 Fahr. 

Remarks.—This species is nearly allied to Solaster endeca, of which it is perhaps the 
southern representative. Solaster subarcuatus is readily distinguished from the North 
Atlantic species by the form of the rays, by the larger and more widely spaced paxille, 
which are also more regularly arranged, and by the armature of the adambulacral plates. 


5. Solaster torulatus, n. sp. (Pl. LXX. figs. 3 and 4; Pl. LXXII. figs. 3 and 4). 


Rays eight. R=48mm.; r=17mm. R<3,r. Breadth of a ray at the base, 12 mm. 

The rays are moderately elongate, broad at the base, slightly tumid on the inner half 
and then rapidly tapering to the extremity, the outer part being narrow and eylindrical. 
At the base of the rays on the disk there is a sharply defined sloping ravine or sulcus, 
continued from the summit of the interbrachial arc for a considerable distance on the 
disk, causing the disk to appear at first sight much smaller than it really is, and the rays 
to be crowded and pressed together at their bases. The abactinal surface of the disk is 
slightly convex. The actinal surface is plane. The interbrachial ares are acute. 

The abactinal surface is beset with very short, small, paxilliform groups of spinelets. 
The spinelets, of which there are eight to ten in each crown, are so small and compactly 
crowded that they are only distinguishable with a magnifying-glass; the groups or 
paxille appearing to the naked eye only like small, regular, uniform, semiglobular tubercles. 
These are well spaced apart and the interspace is occupied by a single papula. The 
paxillz are arranged with great regularity, which may be resolved on careful examination 
into longitudinal and obliquely transverse lines. 

The marginal plates (the representatives of the infero-marginal series) are quite on 
the actinal surface, to which they form the border, and are invisible when the starfish is 
viewed from above. They resemble large compressed paxillze, the pedicle being large and 
massive, with the major axis at right angles to the median line of the ray, and surmounted 
by a crown of fifteen to twenty short compactly grouped spinelets. There are about 
thirty-five or thirty-six between the median interradial line and the extremity, those on 
the inner half of the ray being large and widely spaced, but they diminish in size as they 
proceed outward and become almost microscopic towards the extremity. 

The paxillee which represent the supero-marginal plates are small in comparison with 
the infero-marginal plates, and very little larger than the neighbouring paxille of the 
abactinal area. They alternate with the infero-marginal plates and consequently stand 
opposite the interspace between each of the large marginal paxillee, 
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The adambulacral plates are large and their armature consists of two series of spines. 
(1.) A furrow series of five short, robust, rather broad, slightly compressed, skin-covered 
spinelets, united by a membranous web at their base, and forming a usually vertically 
disposed semicircular comb, (2.) On the actinal surface of the plate is a transverse lineal 
series of three, or occasionally four large, conical, skin-covered spinelets, which decrease 
in size as they recede from the furrow. 

The mouth-plates are rather elongate, and with their armature have the appearance 
of an elongate pointed scoop. Their armature consists of a marginal series of ten spinelets 
on each plate. The innermost is rather longer than the others, the third and succeeding 
spinelets, which are subequal in length, are rather shorter than the second; all are united 
for fully two-thirds of their length by a membranous web. The innermost spinelet on 
each plate has rather an isolated appearance from the rest, and these two spinelets of the 
united pair of plates being close together give a characteristic appearance to the mouth- 
armature of this species. On the actinal surface of each plate is a curved series of five or 
six robust, conical, skin-covered spinelets, which diminish in size as they recede from 
the mouth. 

In the actinal interradial areas of the disk there are three or four series of small 
actinal intermediate plates, which bear small paxilliform groups of four to six short, equal 
spinelets; the innermost series extends to nearly midway along the ray, but the others do 
not pass beyond the base of the ray. 

The madreporiform body, which is small and inconspicuous, is situated rather nearer 
the centre of the disk than midway between that point and the margin. Its surface is 
not convex, the striations are rather coarse, and its margin is surrounded by five or six 
paxillee rather larger than the neighbouring ones. 

The anal aperture is distinct and subcentral. There is no modification in the size or 
character of the neighbouring paxille. 

The ambulacral tube-feet are large, and have a fleshy, centrally-invaginated, terminal disk. 

Colour in alcohol, a bleached yellowish white. 

Locality.—Station 170. North of the Kermadec Islands. July 14, 1874. Lat. 
29° 55’ 0” S., long. 178° 14’ 0” W. Depth 520 fathoms. Volcanic mud. Bottom 
temperature 43°°0 Fahr.; surface temperature 65°°0 Fahr. 

Remarks.—This species is distinguished from all other forms by the shape of the rays, 
by the sloping ravine on the disk at their base, by the character of the abactinal paxille, 
and by the armature of the adambulacral plates and mouth-plates. 


Genus Lophaster, Verrill. 
Lophaster, Verrill, Amer. Journ. Sci. and Arts, 1878, 3rd ser. vol. xvi. p. 214. 


Lophaster was hitherto known only from the North-Atlantic area. The Challenger 
obtained examples of a form which I consider referable to the genus from the South 
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Pacific, thus adding another example to the remarkable list of representative forms found 
in the temperate and sub-frigid zones of the Northern and Southern hemispheres respec- 
tively. 
Chorology of the Genus Lophaster. 
a, Geographical distribution :— 
ATLANTIC : One’ species between the parallels of 40° and 82° N. 
Lophaster furcifer, off the coasts of Greenland and North America 


(extending as far north as Discovery Bay), in the Gulf of Maine and 
off Nova Scotia; off the coasts of Norway, Spitzbergen, and Nova 
Zembla. 
Pactric: One species between the parallels of 40° and 55° §. 
Lophaster stellans, off the western coast of South America. 
8. Bathymetrical range: 30 to 1825 fathoms. 
Greatest range of one species: Lophaster stellans, 40 to 1325 fathoms. 
Both Lophaster furcifer and Lophaster stellans pass from the Littoral into 
the Abyssal zone. 


y. Nature of the Sea-bottom: Lophaster furcifer is found on Clay of various kinds, 
and on stones. Lophaster stellans on Blue mud. 


Chorological Synopsis of the Species. 


Ocean. Range in Fathoms. Nature of the Sea-bottom. 
Lophaster furcifer. : Atlantic. 30 to 743 Clay and Stones. 
Lophaster stellans . : Pacific. 40 to 1325 Blue mud. 


1. Lophaster furcifer (Diiben and Koren), Verrill. 


Chetaster borealis, Diiben, 1844, Ofversigt K. Svensk. Vet.-Akad. Forhandl., p. 113. 

Solaster furcifer, Diiben and Koren, 1846, K. Svensk. Vet.-Akad. Handl., Ar 1844, p. 243, pl. vi. 
figs. 7-10. 

Lophaster furcifer, Verrill, 1878, Amer. Journ. Sci. and Arts, ser. 3, vol. xvi. p. 214. 


1 A second species (Lophaster radians), from Barbados and Havanah, is mentioned by Perrier in his 
memoir on the Starfishes of the “ Blake” Expedition (Nouv. Archives Mus. Hist. Nat., 2e Série, t. vi. pp. 167, 169, 
170), but no description is given. Iam inclined to think that the generic name is due to a clerical error, and 
that the form referred to is that described under the name of Korethraster radians (Bull. Mus. Comp. Zoil., 
Harvard, 1881, vol. ix. No. 1, p. 12), but which seems to have been subsequently placed under the name of 
Korethraster hispidus, as the description is repeated verbatim (Nouv. Archives Mus, Hist. Nat., 2e Série, 1884, 
t. vi. p. 212), although no reference whatever is made to the original name. 
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Localities. —*‘ Porcupine” Expedition : 

Station 52, 1869. Inthe Faerde Channel. Lat. 60° 25’ N., long. 8° 10’ W. Depth 
384 fathoms. Bottom temperature —0°°8 C.; surface temperature 11°'2 C. 

Station 55,' 1869. In the Faerée Channel. Lat. 60° 4’ N., long. 6° 19’ W. Depth 
605 fathoms. Bottom temperature — 1°-2 C.; surface temperature 11°4 C. 


2. Lophaster stellans, n. sp. (PJ. LXXI. figs. 4 and 5; PJ. LXXII. figs. 11 and 12). 

Rays five. R=382 mm.; r=1l1 mm. R<3 7. Breadth of a ray at the base, 12 
to 13 mm. 

The rays are broad at the base, and taper gradually therefrom up to the extremity. 
The abactinal surface is convex over the disk and upon the rays, and tapers regularly to 
the extremity. The actinal surface is plane. The interbrachial arcs though wide are 
angular; and im consequence of the height and convexity of the disk, the declivity there 
at the summit of the arc is rapid. 

The abactinal surface is beset with well-developed paxille, which are widely spaced 
and arranged with more or less regularity in longitudinal lines along the rays. The 
paxillze have a thick, robust, skin-covered pedicle, and are surmounted by a crown of 
five to eight moderately robust subequal spinelets, with denticulate tips, usually shorter 
than the pedicle, which radiate widely apart, and, when well preserved, have a strongly 
marked stellate character; whence the name of the species. Numerous papule are 
present in the interspaces, usually in groups of four or five, or more. 

The supero-marginal plates are well developed, and bear robust paxillze with long 
pedicles, similar to those on the abactinal surface, excepting that the pedicles are longer 
and thicker. The infero-marginal plates bear still larger paxilla, which are surmounted 
by a crown of rather more numerous spinelets. The rotundity of the pedicle is main- 
tained, and there is no modification in the form of the paxille. The paxillee are well 
spaced, and there are about eighteen between the median interradial line and the 
extremity. 

The adambulacral plates are large, and are separated superficially by channels or 
wrinkles in the membrane with which the whole actinal surface is invested, passing 
obliquely from the furrow to the margin. Their armature consists of two series of spines. 
(1.) A furrow series of rather large but delicate, tapering, skin-covered spines, which 
radiate apart, and are partially united by web, forming a fan parallel to the furrow. 
Near the mouth five spinelets are present in each comb, but the number is successively 
reduced to four, three, and two, as they proceed along the ray, and probably only one 
spine is present at the extremity. (2.) On the actinal surface of the plate is a lineal 
transverse series of three (occasionally four near the mouth) large, robust, tapering, skin- 


1 This occurrence is recorded in Sir Wyville Thomson’s Depths of the Sea, but I have not seen an example 
from this station. 


> 


REPORT ON THE ASTEROIDEA. 461 


covered spinelets, the innermost one of the series being sometimes out of line and more 
aboral in position than the rest. 

The mouth-plates are large, spade-shaped, and prominent actinally. Their armature 
consists of a marginal series of nine rather short skin-covered spinelets, which decrease 
in size gradually as they recede from the mouth. The spinelets are united for a short 
distance above their base by a membranous web, and their posture has a slight trend 
downward, which causes the mouth-plates to assume a scoop-like appearance. On the 
actinal surface of each plate are about four erect, tapering, skin-covered spinelets, usually 
in a closely placed lineal series, but sometimes subject to irregularity, those nearest the 
mouth being largest. The fan on the furrow margin of the adambulacral plate next the 
mouth-plate is usually semicircularly curved and more prominent than the others, appear- 
ing to form a kind of supplementary appendage to the mouth-plate armature, which adds 
greatly to the ornate character of the actinal aspect of this species. 

The actinal interradial areas are very small, and do not contain more than eight or 
ten small intermediate plates, probably fewer, and seven or eight of these bear small tufts 
of three or four short, tapering, skin-covered spinelets, the groups or tufts being widely 
spaced. 

The madreporiform body, which is oval in outline and rather small, is situated about 
midway between the centre of the disk and the margin. Its surface is convex and is 
marked with rather coarse striz. 

The ambulacral tube-feet are large, and have well-developed fleshy terminal disks. 

Colour in alcohol, a bleached ashy or yellowish white. 

Localities.—Station 303. Off the Chonos Archipelago, western coast of South Ame- 
rica. December 30, 1875. Lat. 45°31’ 0” S., long. 78° 9’ 0” W. Depth 1325 fathoms. 
Blue mud. Bottom temperature 36°°0 Fahr. ; surface temperature 54°°8 Fahr. 

Station 308. South of Wellington Island, west coast of Patagonia. January 5, 1876. 
Lat. 50° 8’ 30” S., long. 74° 41’ 0” W. Depth 175 fathoms. Blue mud. Surface 
temperature 51°°7 Fahr. 

Station 309. Off Puerto Bueno. January 8,1876. Lat. 50° 56’0”S., long. 74° 15’ 0” 
W. Depth 40 fathoms. Blue mud. Bottom temperature 47°°0 Fahr.; surface tempera- 
ture 50°°5 Fahr. 

Remarks.—This species is readily distinguished from Lophaster fureifer by the 
general form, by the structure of the abactinal paxille, and by the character of the 

armature of the adambulacral plates. 
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Subfamily KorerarasTEerin&, Sladen, 1888. 
Genus Korethraster, Wyville Thomson. 
Korethraster, Wyville Thomson, The Depths of the Sea, London, 1873, p. 120. 


Form stellate. Rays moderately produced. Abactinal surface convex and more or 
less arched, meeting the actinal surface, which is plane, with an abrupt angle. Inter- 
brachial ares with a lunate outline. ; 

Abactinal surface entirely covered with comparatively large, thin, squamous plates 
(oval or subcircular in the type form), which imbricate more or less upon one another. 
Each plate bears a compact fasciculus of elongate spinelets ankylosed together at their 
base, and articulated on a mammillate boss on the plate. No papule are present on the 
abactinal surface.’ A well-defined channel traverses the median interradial line. 

A single series of short but broad band-like plates (? infero-marginals) occupies the 
outer half of the actinal surface of the rays and defines the margin, Lach plate bears on 
its free extremity in the margin a flattened, scoop-like, or flaring lateral spine. 

Adambulacral plates short but broad, equal in length and correspondent to the 
infero-marginal plates; and appearing to form with these, at least on the inner half of 
the ray, a single transverse band passing from the ambulacral furrow to the margin,” 
the bands being separated by a distinct interspace of nearly equal breadth. Armature 
consisting of a single transverse series of rather robust, slightly flaring spines (four in 
number), rather widely spaced, one at each extremity, the imnermost or furrow spine 
rather smaller and directed over the furrow, the outermost radiating outward ; the series 
of these spines form longitudinal rows along the ray. 

No actinal intermediate plates are present. 

Mouth-plates with a prominent median keel resembling more or less closely the same 
structure in Hymenaster. Armature consisting of: (1.) A marginal series of four spines 
on each plate, the innermost largest and directed horizontally. (2.) On the actinal surface 
of each plate a large robust secondary mouth-spine, placed near the adoral end of the 
plate. 

Madreporiform body small, circular, situated near the centre of the disk, marked with 
very coarse deep strize. 


1 T believe that a single longitudinal series of papular orifices is present on the actinal surface on each 
side of the ambulacral furrow between the adambulacral plates, situated in the dark shade shown in the figure 
9 on Pl. LXXX., but I am unable to make the statement definitely without dissection, which is of course 
undesirable in the unique specimen at my disposal. 

2 The junction of the plates is probably ankylosed, and is masked by the outermost spine of the adam- 
bulacral armature. This has probably led previous writers to speak of the actinal skeleton of Korethraster as 
formed of single band-lke plates passing from the furrow to the margin. On the outer part of the ray near 
the extremity, the direction of the adambulacral and infero-marginal plates is not in the same line, and the 
two series of plates may be better distinguished there. 


REPORT ON THE ASTEROIDEA. 463 


Anal aperture large, subcentral, surrounded by five or six subtubercular papilla. 

Ambulacral tube-feet, which are arranged in two rows, have a large, flat, fleshy 
terminal disk. 

No pedicellarize of any kind are present. 

Remarks.—The character of the abactinal and actinal plating, the remarkable fasci- 
culated spinulation of the abactinal plates, and the character of the armature of the 
adambulacral plates, together with the absence of papule on the abactinal surface, at once 
distinguish Korethraster from all other genera at present known. The morphological 
structure of the form has led Drs Danielssen and Koren’ to place Korethraster in a 
distinct family, which they established for its reception (Korethrasteride), but although I 
do not feel prepared to oppose that course, I hesitate for the present about following it, 
and until more is known of the anatomy of this and allied forms, I prefer to leave the 
genus in the family Solasteride, as classified by Perrier, placing it, however, in a sub- 
family. 

Several starfishes dredged during the ‘“ Blake” Expedition have been referred by 
Perrier to this genus, and were originally desecribed* as representing two distinct species 
under the names of Korethraster palmatus and Korethraster radians; the latter was 
subsequently placed, however, by its author under the name of Korethraster hispidus, 
but so far as I can judge from the description given, and no figure, I am inclined to think 
that this is certainly not the same as Wyville Thomson’s Korethraster hispidus; and I 
feel very great doubt indeed as to whether either of the forms belong to the genus Kore- 
thraster at all. For the same reason, owing to insufficient description, I am reluctantly 
compelled to place a third form, described by Perrier* under the name of Korethraster 
setosus, in the same category of uncertainty. On these grounds | have not included the 
forms mentioned in my consideration of the chorology of the genus Korethraster given 
below. 


Chorology of the Genus Korethraster. 
a. Geographical distribution :— 
AtLantic: One species between the parallels of 60° and 80° N. 


Korethraster hispidus, in the Faerée Channel, off the coast of Nor- 
way, and south of Franz-Josef Land. 


Den Norske Nordhavs-Expedition, 1876-1878, Zoologi, xi. Asteroidea, 1884, p. 99. 

Bull. Mus. Comp. Zool. Harvard, 1881, vol. ix. No. 1, p. 12. 

Nouv. Archives Mus. Hist. Nat., 1884, 2e Série, t. vi. p. 212.” 

Rapport sur les Travaux de la Commission chargée par M. le Ministre de I’'Instruction publique d’etudier 
la Faune sous-marine dans les grandes profondeurs de la Méditerranée et de ’Océan Atlantique, par M. Alphonse 
Milne-Edwards, Membre de l'Institut (Extrait des Archives des Missions scientifiques et littératres. Troisitme 
série, Tome neuvitme. Paris: 1882), p. 51. 
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B. Bathymetrical range: 101 to 632 fathoms. 


y. Nature of the Sea-bottom: Brown mud (Payer); Coarse granular clay, and grey 
sandy clay (Danielssen and Koren). 


Chorological Synopsis of the Species. 


Ocean. | Range in Fathoms. Nature of the Sea-bottom. 


Korethraster hispidus . , Atlantic. 101 to 632 Mud ; Clay (coarse and sandy). 


1. Korethraster hispidus, Wyville Thomson (Pl. LXXX. figs. 6-9). 
Korethraster hispidus, Wyville Thomson, 1873, The Depths of the Sea, pp. 119, 120, fig. 15. 


Locality.— Porcupine” Expedition : 

Station 57, 1869. In the Faerée Channel. Lat. 60° 14’ N., long. 6° 17’ W. Depth 
632 fathoms. Bottom temperature —0°°8 C.; surface temperature 11°:1 C. 

Remarks.—This species has been so fully and ably described by Danielssen and Koren, 
and previously by von Marenzeller,’ that I consider it superfluous to re-describe the 
species. Through the kindness of Dr von Marenzeller I have examined the example col- 
lected during the ‘“ Tegetthoff” Expedition by Mr Julius Payer, and I can confirm the 
accuracy of his determination. I have therefore limited myself to giving an illustration 
of the original example dredged by the “ Porcupine”; and I have included in the fore- 
going generic diagnosis reference to several points of structure which appear to have escaped 
the notice of previous observers. 


Genus Peribolaster, Sladen. 
Peribolaster, Sladen in Narr. Chall. Exp., 1885, vol. i. p. 616. 


Form stellate. Rays rather short and broad. Disk large, more or less inflated. 
Abactinal surface convex. Actinal surface plane. Margin angular. Interbrachial ares 
acute. 

Abactinal surface with cruciform plates having delicate prolongations or supplementary 
trabecule, which impinge on the adjacent plates, and form a regular network with large 
quadrangular meshes over the entire surface. On the centre of each abactinal plate is 
borne on a small boss a fascicule of delicate, equal spinelets, the spinelets being enveloped 
in membranous sheaths which are united in the interior of the fascicule. The fascicules 
are isolated and well spaced. Several papulz are present in each interspace or mesh. 


Den Norske Nordhays-Expedition 1876-1878, Zoologi, xi. Asteroidea, 1884, p. 95, tab. xii. 
* Denkschr. d. k. Akad. d. Wiss. Wien, math.-naturw. Cl., 1877, Bd. xxxv., p. 283, 
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Adambulacral plates with an armature forming with that of the infero-marginal plates 
(and actinal intermediate plates if present) a transverse series of large, single, isolated 
spinelets, invested with membranous sacs. (Six are present in transverse series in the type 
form.) 

Mouth-plates with a prominent median keel. Armature consisting of : (1.) A marginal 
series of six mouth-spines on each plate, the innermost one much larger than the others ; 
all invested with membrane. (2.) On the actinal surface of the plate is one large 
secondary mouth-spine in a membranous sheath, placed immediately behind the large 
innermost marginal mouth-spine. . 

Madreporiform body very large and irregularly oval in outline, the margin being 
festooned. Surface grooved with numerous fine striations. 

Ambulacral furrows wide. Tube-feet large and crowded, forming four rows ; with a 
fleshy, button-like, terminal disk. 

No pedicellariz of any kind present. 

Remarks.—This handsome and well-characterised form is undoubtedly allied in many 
points of structure to Korethraster. Peribolaster is, however, at once distinguished by 
the reticulate abactinal skeleton, by the cruciform plates composing it, by the sheathed 
fascicules of the abactinal plates, by the presence of papule on the abactinal surface, by 
the extraordinarily large madreporiform body, and by the quadruple series of ambulacral 
tube-feet. 


Chorology of the Genus Peribolaster. 


a. Geographical distribution :— 
Pactric : One species between the parallels of 45° and 50° S. 
Peribolaster folliculatus, off the west coast of Patagonia. 


8. Bathymetrical range: 45 fathoms. 
y. Nature of the Sea-bottom: Green sand. 


Chorological Synopsis of the Species. 


| 


Ocean. Range in Fathoms. Nature of the Sea-bottom. 


Green sand. | 


| 

| 
Peribolaster folliculatus  . ° Pacific. 45 | 
| 
i 


1. Peribolaster folliculatus, n. sp. (Pl. LX XIIL. figs. 4-7). 
Rays five. R= 54 mm.;r=18 mm. R=3 7. Breadth of a ray at the base, 
about 20 mm.; and midway between this and the extremity about 17°5 mm., measured 


outside the spinelets. 
(ZOOL. CHALL. EXP.—PART LI,—1888.) 59 
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Form stellate. Rays rather short and broad, the length from the interbrachial arc 
being about equal to the diameter of the disk. The interbrachial arcs are acute, and 
the rays are broad at their base and taper only slightly as they proceed outward until 
close to the extremity, where they taper abruptly and rapidly to a pointed tip, which is 
turned upward. This recurvature of the tip causes the rays to have a more or less obtuse 
appearance when casually viewed from above, and the character is further emphasised 
by the slight degree of tapering along the greater portion of their length. The breadth of 
the ray is greater than the height; and the abactinal surface is convex, uniting with an 
angular margin to a plane actinal surface. A transverse section of the ray would thus 
present a regular plano-convex outline. 

The disk is well developed, subdepressed, convex, and slightly inflated, its height not 
much greater than that of the rays at the base. The abactinal skeleton of the disk and 
rays alike consists of cruciform ossicles, in the shape of a St. Andrew’s cross, with delicate 
prolongations, or supplementary trabecule, the extremities of which impinge on the cor- 
responding extremities of adjacent ossicles ; the whole forming a very regular network over 
the entire surface. On the centre of each of these ossicles is borne, on a little boss, a 
fascicule of three to six moderately elongate delicate spinelets, of equal length, which radiate 
apart very shghtly. The spinelets are each enveloped in a rather thick membranous sheath, 
and the sheaths of the respective spinelets are united in the interior part of the fascicule, 
so that, although the sheathed spinelets have the superficial appearance of maintaining their 
independence, they are in reality bound together, and the spinelets constituting a fascicule 
are in consequence probably capable of but very limited expansive movement. The fasci- 
cules of spinelets are isolated and tolerably spaced; and the length of the spinelets diminishes 
as they proceed along the ray ; the spinelets, however, increase in length as they approach 
the margin of the ray, and those of the series at the extreme margin are stout and robust, 
with usually four spinelets in each fascicule. In the interspaces’ or meshes of the cal- 
careous network are a number of small, vermiform, almost thread-like papule, from 
three to six in each. 

The armature of the adambulacral plates forms a continuous series with that of the 
plating which extends up to the margin of the ray. Six isolated spines form a single 
transverse row between the furrow and the marginal series of fascicules ; and each is 
articulated upon a small rounded boss or tubercle. The innermost spine is very small 
and situated quite within the furrow; the next is much larger, whilst the third and suc- 
ceeding spinelets are longer, and are the largest on the test. Each of these spinelets is 
enclosed in a membranous sheath, which, in the case of the two nearest the furrow, has 
elongate saccular prolongations, that of the small inner spinelet being thin and threadlike. 
The sheaths of the outer spines are stouter and more fleshy in appearance, and are little 
if at all prolonged. The intermediate space between the spinelets is so thickly covered 
with membrane that even after removing a few of the spines, I am unable to say whether 
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two or three should be counted as belonging to the adambulacral plates. The question 
can only be decided by dissection and preparation, a step which would entail greater 
mutilation than I consider desirable in the case of a unique specimen. ‘The plate upon 
which the outer spinelets are borne is slightly curved upward to the margin. 

The mouth-plates are prominent, with an elevated angular keel along their line of 
juncture, terminating aborally in a rounded but prominent peak. The adoral margin 
projects into the actinostome, but its prominence is masked by the position of the three 
mouth-spines proper which stand on each side. The innermost is the longest, and 
situated close to the adoral peak; the other two are smaller, the outer one being the 
least. At the outer angle of the plate adjacent to the adambulacral plate are three small 
spinelets placed in a semicircle, which should probably also be ranked as mouth-spines. A 
single large secondary mouth-spine is placed on the surface of the plate immediately 
behind the innermost of the marginal mouth-spines, and is both longer and stouter than 
these. All the mouth-spines are enveloped in membranous sheaths, those of the two 
inner mouth-spines and the secondary being thick and fleshy, the others more delicate and 
with saccular prolongations. 

The madreporiform body is very large and irregularly suboval in outline, the margin 
being festooned by prolongations, having the appearance of flowing out between the widely 
spaced fascicules by which the plate is surrounded. The central portion is slightly 
elevated, subconical rather than convex, and somewhat undulating in conformity with the 
marginal projections. The surface is covered with numerous very fine striations, which 
radiate from the centre. The major axis of the body measures 9 mm., and the minor 
75mm. Its position on the disk is somewhat nearer the centre than midway between 
that point and the margin. 

A large aperture, 2 to 2°5 mm. in diameter, exists at a considerable distance from the 
centre ; a muscular ring is traceable, and some cecum-like structures are slightly protruded. 
This is probably the anal aperture, but its very excentric position is remarkable, being 
nearly midway between the centre and the margin, and when the madreporite is placed 
in the right anterior interradium, a line drawn through the centre of that plate, parallel 
to the antero-posterior axis of the starfish, would bisect the orifice. 

No pedicellariz are present. 

The ambulacral furrows are very wide, and the tube-feet form by crowding four rows; each 
tube-foot is furnished with a fleshy, button-like, terminal disk somewhat larger in diameter 
than the adjacent portion of the tube, and the centre shows an invaginated depression. 

The actinostome is large, measuring about 13°5 mm. in diameter, and the mouth-plates 
could not be apposed. 

The actinal interradial areas are very limited, and any additional intermediate plates 
that may be present beyond the representatives of those entering into the composition of 
the ray are very few in number. 
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Colour in alcohol, a bleached yellowish white. The large madreporiform body is con- 
spicuous by its slightly orange shade of light brown. 

Locality.—Station 304. Off the Peninsula of Tres Montes, west coast of Patagonia. 
December 31,1875. Lat. 46° 53’ 15” S., long. 75° 12’ 0” W. Depth 45 fathoms. Green 
sand. Surface temperature 57°:2 Fahr. 


Family PTERASTERIDA, Perrier, 1875. 


Prior to the Challenger Expedition this family was represented by a very limited 
number of forms, only nine species being on record. Eight of these belonged to the 
genera Pteraster and Retaster, and the ninth was the type and solitary representative of 
Hymenaster, a genus established by Sir Wyville Thomson for a remarkable Asterid dis- 
covered during the cruise of H.M.S. ‘‘ Porcupine.” 

Thirty-five species of Pterasteridze were obtained by the Challenger, only two of which 
were previously known. Of the thirty-three new species, three belong to Pteraster, four to 
Retaster, and the remarkable number of twenty to Hymenaster, a genus which is now 
found to possess a world-wide distribution in deep waters. The remaining six species 
are representatives of four new genera, viz. :—Marsipaster, two species; Benthaster, 
two; Calyptraster, one; and Pythonaster, one. 

Two new genera have been recently added to the family by Perrier, viz., Myaaster’ 
and Cryptaster ;* but the brief notices which are given of these interesting forms are too 
short to enable me to class them satisfactorily in the subjoined synopsis. 

Note on Terminology.—F¥or the sake of brevity, and to avoid verbose repetition, several 
terms are employed in the following descriptions which have not previously been used 
in their present special signification. The introduction of these terms is necessitated 
by structural peculiarities in the forms comprised in the family Pterasteridze, several of 
which have hitherto been unobserved, whilst others have been ignored or passed over by 
previous systematists. The application of the terms will, in most cases, be self-evident. 
The following is a brief definition. 

The supradorsal membrane is the veil-like covering or external independent tissue 
whereby the dorsal nidamental cavity is formed. The’ membrane is supported above the 
true abactinal surface of the animal by the paxille, which consist of a long columnar 
pedicle surmounted by a “crown” of fine, more or less elongate spinelets. In the majority 
of forms belonging to this family, fine muscular fibrous bands extend between the tips 
of the spinelets and constitute a more or less regular fibrous network; and the general 
tissue of the supradorsal membrane which fills in the interspaces or meshes is usually per- 
forated by small contractile pores, styled spzracula by Sars. A large aperture occurs in the 


1 Comptes rendus, 1885 (November), t. ci. p. 886. 
* Ann. Sci. Nat. (Zool.), 1885, 6e Série, t. xix., art. No. 8, p. 69. 
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supradorsal membrane, situated over the centre of the disc and opening directly into the 
dorsal cavity, to which it affords a common means’ of ingress and egress; it is named the 
oscular orifice. This aperture may be closed by five more or less regular fan-like valves, 
or simply by a number of webbed or papillose spinelets. A number of small apertures 
open into the nidamental cavity on the actinal surface of the starfish, an aperture being 
situated at the base of each of the long actino-lateral spines and close up to the adambu- 
lacral plate. There is consequently an opening into the cavity on each side of the furrow 
corresponding to each segment of the ray; hence these are spoken of as segmental 
apertures. The openings are guarded and can be closed by a small spinelet or papilla 
articulated on the adambulacral plate, and termed the aperture-papilla. In some genera 
these appendages are partially hidden in the actinal membrane, and are free on one side 
only; in others they are perfectly free, and covered with a more or less expansive 
investing membrane of their own. ‘The long spines articulated on the body-frame close 
to the adambulacral plates, which form the lateral or marginal web in Pteraster, and 
support the whole actinal floor in Hymenaster, are designated the actino-lateral spines. 
Finally, in the armature of the mouth-plates distinction is made between (1) mouwth-spines 
proper, which are situated upon the horizontal margins of the plates, and are usually 
directed over the actinostome ; and (2) the secondary or superficial mouth-spines, which 
are borne upon the surface of the plate, and usually stand perpendicular to its plane— 
these latter spinelets being also frequently larger and more robust than the mouth-spines 


proper. 
Synopsis of the Genera included in the Family PTERASTERID. 


A. A supradorsal membrane present. With actino-lateral spines. With 
segmental apertures. Form disco-pentagonal, rays slightly produced. 
Abactinal spinelets long, forming highly developed pedicellated 
paxille : . 5 : : : 4 : : 5 . Pr0rRASTERINA. 
a, Armature of the adambulacral plates forming transverse combs. Spines 
united by web. 
a. Supradorsal membrane with muscular fibrous bands. Actino- 
lateral spines forming a free independent lateral fringe; not 
merged in the actinal floor. 
a, Muscular bands not reticulated. Membrane usually con- 
taining spicules. : : : . ° ° : . Pteraster. 
8. Muscular bands regularly reticulated. No spicules in the 
membrane . : : ; 5 A A - ; : Retaster. 
b. No muscular fibrous bands in the supradorsal membrane. Actino- 
lateral spines merged in the actinal floor. No lateral fringe. 
a, Paxille-spinelets (fifteen to thirty), long and hair-like, protrud- 
ing freely through the membrane. Adambulacral armature 
partly horizontal in disposition. One pair of secondary 
mouth-spines ; united by web to the mouth-spine series . : Marsipaster. 
B. Paxille-spinelets (five or six), short, robust, not protruding. 
Adambulacral armature perpendicular in disposition. 
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Three pairs of secondary mouth-spines, free and inde- 


pendent : : : ‘ : : : Calyptraster. 
b. Armature of the adambulacral plates not forming transverse combs. 
Spines independent and not united by web. 
a. Nidamental cavity spacious. Supradorsal membrane well-deve- 
loped. Muscular fibres present. Spiracula present. Spine- 
lets of paxille short, not protruding through, but supporting, 
the membrane Hymenaster. 


6, Nidamental cavity aborted. Supradorsal membrane rudimentary. 
No muscular fibres. No spiracula. Spinelets of paxille 
fascicular, protruding a great portion of their length naked 
through the membrane : : : : : . E . Benthaster. 
B. No supradorsal membrane present. No actino-lateral spines. No seg- 
mental apertures. Form stellate, rays greatly produced, attenuate 
and cylindrical. Abactinal spines short, in sheathed fascicules, not 
forming pedicellate paxille . 2 : : : : 3 . PYTHONASTERINA. 


a, A single genus , . : ; : 4 , ; : Pythonaster. 


Subfamily PrerasTeRIn&, Sladen, 1888. 


Genus Pteraster, Miller and Troschel. 
Pteraster, Miiller and Troschel, System der Asteriden, 1842, p. 128. 


With the exception of two Atlantic species, Pteraster caribbzus and Pteraster sor- 
didus, all the members of this genus are confined to the colder temperate and frigid 
zones. Notwithstanding its wide range of distribution the genus appears to show only 
a comparatively small amount of morphological plasticity. 


Chorology of the Genus Pteraster. 
a. Geographical distribution :— 
ATLANTIC: Five species between the parallels of 80° N. and 60° S. 

*Pteraster mulitaris, off the Norwegian, British, and North 
American coasts, extending up Smith’s Sound as far as Dobbin Bay, 
and south to Cape Cod, off Spitzbergen and Nova Zembla, and in the 
Kara Sea. Pteraster pulvillus, off the Norwegian and North American 
coasts, as far south as Chesapeake Bay (2021 fathoms, fide Verrill), 
off Nova Zembla and the Murman coast. Pteraster caribbeus, from 
the West Indian area. Pteraster dane, off the east coast of Pata- 
gonia (or (?) Rio Janeiro). Pteraster sordidus is an Atlantic species 


mentioned by Perrier by name only, but of which no description is 
published. 
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SovtHerN Ovran : Three species between the parallels of 40° and 60° S. 
*Pteraster affinis, off Kerguelen. *Pteraster rugatus, from 
between Kerguelen and Heard Islands. *Pteraster semireticulatus, 
off Marion Island. 
Paorric : Two species between the parallels of 70° (?) N. and 60° S. 
*Pteraster stellifer, off the western coast of South America. 
Pteraster aporus, from Bering Sea. 
8. Bathymetrical range: 10 to 2021 fathoms. 
Greatest range of one species: Pteraster pulvillus, 50 to 2021 fathoms. 
Excepting Pteraster militaris and Pteraster sordidus, none of the other 
species extend into the Abyssal zone. Pteraster caribbeus and Pteraster 
stellifer occur in the Continental zone. 
y. Nature of the Sea-bottom : Mud, sandy clay, or gravel. 
Pteraster affinis and Pteraster caribbeus on mud. Pteraster militaris on 
sandy clay or shelly ground. Pteraster rugatus on coarse gravel. Pteraster 
stellifer on Blue mud. 


The species collected by the Challenger are indicated in the foregoing list by an 
asterisk. 


Chorological Synopsis of the Species. 


| 


| Ocean, Range in Fathoms. Nature of the Sea-bottom. 
a | 

Pleraster affinis . : ‘ ; Southern. 28 Volcanic mud. 
Pteraster aporus . ; . : Pacific. Be te 
Pteraster caribbeus ; ‘ A Atlantic. 151 to 451 Soft grey mud. 
Pteraster dane. : : : Atlantic. 30 (1%) see 

+76 . ° | G 1, f , d ’ 
Pteraster militaris ; : ; Atlantic. | 10 to 530 | or hel erent y clay 
Pteraster militaris, var. prolata : Atlantic. 608 tee 
Pleraster pulvillus . i “ ; Atlantic. | 50 to 2021 a 
Pteraster rugatus . : ; - Southern, | 150 | Coarse gravel. 
Pteraster semtreticulatus . , : Southern. 50 . 
Pteraster sordidus . r ; . | Atlantic. 622 | 
Pteraster stellifer . : : : Pacific. 245 | Blue mud. 


1. Pteraster militaris, Miller and Troschel. 


Asterias militaris, O. F. Miiller, 1776, Zool. Dan. Prodr., p. 234, No. 2828. 
Asteriscus militaris, Miller and Troschel, 1842, System der Asteriden, p. 44. 
Pteraster militaris, Miiller and Troschel, 1842, System der Asteriden, p. 128, tab. vi. fig. 1. 


Locality.—Station 49. South of Halifax, Nova Scotia. May 20, 1873. Lat. 
43° 3’ 0” N., long. 63° 390” W. Depth 85 fathoms. Gravel, stones. Bottom tempera- 
ture 35°°0 Fahr.; surface temperature 40°°5 Fabr. 
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“Triton” Expedition : 
Station 2. In the Faerde Channel. August 5, 1882. Lat. 59° 37’ 30” N., long. 6° 
490” W. Depth 530 fathoms. Bottom temperature 46°°2 Fahr. 


la. Pteraster militaris, var. prolata, Sladen. 

Pteraster militaris, var. prolata, Sladen, Trans. Roy. Soc. Edin., vol. xxxii. p. 153, pl. xxvi. fig. 1. 

This variety is characterised by the following points :—The great length and narrow- 
ness of the rays) R>3r; R= 58 to60 mm.; 7 = 18 mm.; breadth of a ray at the 
base, 18 to 22 mm. extreme measure. The abactinal paxillee appear usually to have one 
of their spinelets much more robust than the two or three companion spinelets, which are 
remarkably fine and delicate, and the tips of the spinelets can scarcely be said to protrude 
through the supradorsal membrane, notwithstanding that this latter is placed loosely 
upon them and much wrinkled. Two or three lineal series of paxille are more or less 
clearly distinguishable along the sides of the rays. On the actinal surface the segmental 
apertures are remarkably large, and the aperture-papille are much broader and more 
robust at their proximal portion than in Pteraster militaris. In the armature of the 
adambulacral plates the inner three spines of each transverse comb form a line oblique to 
the furrow, the comb being curved aborally at the margin of the furrow, and the position 
of these spines upon the adambulacral plate being also oblique in relation to the plane of 
the ray. The actino-lateral spines are very short, and the outer portion of the web which 
proceeds from the outermost spine of the adambulacral armature, 2.e., the membranous 
continuation of the transverse comb upon the actinal membrane, is much more prominent 
than in the typical form of the species, and extends up to the margin of the lateral fringe. 
Although these differences may appear insignificant verbally, they produce when combined 
a striking facies, the characters of which can hardly be explained, as being simply the 
modifications of the normal form consequent on the conditions of a deep-water habitat, 
since an example of Pteraster militaris from 530 fathoms from a neighbouring station, 
differs in no way from the normal form, 

Locality.—* Triton” Expedition : 

Station 9. In the Faerdée Channel. August 23, 1882. Lat. 60° 5’ 0” N., long. 6° 
21'0” W. Depth 608 fathoms. Bottom temperature 30°:0 Fahr. 

Remarks.—This is a remarkable form, differing greatly in general appearance from the 
normal type of Pteraster militaris; and although it accords in the main with the diag- 
nostic formula of that species, the majority of the characters differ more or less in degree. 
It is not improbable that a series of examples might ultimately warrant its being ranked 
as a distinct species; but for the present I prefer to place the solitary specimen known 
to me as a variety of Pteraster militaris, until further material is available, a course 


which is suflicient to identify the form and at the same time indicate the nearest specific 
affinities. 
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2. Pteraster affinis, Smith. 
Pteraster affinis, E. A: Smith, 1876, Ann. and Mag. Nat. Hist., ser. 4, vol. xvii. p. 108; Phil. Trans., 
Zool. Kerguelen Island, 1879, vol. clxviii. p. 275, pl. xvi. fig. 5. 
Locality.—Station 149p. Royal Sound, Kerguelen Island. January 20, 1874. Lat. 
49° 28’ 0” S., long. 70° 13’ 0” W. Depth 28 fathoms. Volcanic mud. Surface tem- 
perature 41°:0 Fahr. 


3. Pteraster rugatus, Sladen (Pl. LXXIV. figs. 3 and 4; Pl. LXXVII. figs. 3 and 4), 
Pteraster rugatus, Sladen, 1882, Journ. Linn. Soc. Lond. (Zool.), vol. xvi. p. 192. 

Marginal contour subpentagonal, interbrachial arcs scarcely indented, the minor radius 
being in the proportion of 68°4 per cent. R=9°5 mm.; r=6'5 mm. Interradial margin 
rounded, extremities of the rays slightly upturned, exposing the end of the furrow. Abac- 
tinal profile rounded, not high, tapering but little towards the extremities of the rays. 
Actinal surface flat or slightly convex. Lateral fringe very slightly produced beyond 
the margin of the test. 

The supradorsal membrane is subcorrugated and is not reticulated. The paxille- 
spinelets are fine, about five or six in number, and their tips are slightly protuberant, pro- 
ducing a slight papillate appearance on the abactinal surface ; no regularity of arrangement 
is perceptible. The membrane is indurated with minute spicules averaging 0°03-0°04 mm. 
in length, which are small, irregular, and angularly-branching bodies, subdendriform in 
appearance and fairly well spaced. The spiracula are rather large, not numerous, and are 
irregularly placed. 

The ambulacral furrows are narrow, uniform in breadth till near the extremity, and 
not petaloid. The ambulacral tube-feet are disposed in regular simple pairs. The arma- 
ture of the adambulacral plates consists of short and rather robust spinelets, three or four 
in each comb, but three only on the outer part of the ray. The innermost spine is nearly 
as long as the others, or, if a small inner one be present, it may be more or less aborted 
and invisible without dissection. The web is remarkably thick and fleshy, subsaccular 
over the spinelets, and passes off from the outermost spine with a long gentle sweep far 
out upon the lateral fringe. 

The mouth-plates each bear on their margin about three rather short, robust mouth- 
spines webbed together. There is one secondary or superficial mouth-spine on the actinal 
surface of each plate, perpendicular to the plane, longer than any of the other spines, 
exceedingly thick, triangular, translucent, sharply. pointed, and covered with a thick fleshy 
investment. 

The aperture-papille are large, prominent, and subtriangular. The actino-lateral 
spines, which are directed ,horizontally, are comparatively long, specially in the inter- 
radial area. The web is rather thick and fibrous. 

Colour in alcohol, greyish white. 

(ZOOL, CHALL. EXP,—PART LL.—1888,) 60 
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Locality.—Station 150. Between Kerguelen Island and Heard Island. February 2, 
1874. Lat. 52° 4’0”S., long. 71° 22’ 0” E. Depth 150 fathoms. Coarse gravel. Bottom 
temperature 35°'2 Fahr. ; surface temperature 37°°5 Fahr. 

Remarks.—Pteraster rugatus may be readily recognised by its almost pentagonal form 
and by the rugose character of the abactinal (supradorsal) area. It also differs from the 
other members of the genus in structural details, which need not be recapitulated. 


4, Pteraster stellifer, Sladen (P]. LXXIV. figs. 1 and 2; Pl. LXXVII. figs. 1 and 2). 
Pteraster stellifer, Sladen, 1882, Journ. Linn. Soc. Lond. (Zool.), vol. xvi. p. 193. 


Marginal contour stellato-pentagonoid, interbrachial arcs slightly indented, the minor 
radial proportion being 67°6 per cent. R=34 mm.; r=23 mm. 

Rays very broad at the base, and tapering to a fine extremity, which is slightly re- 
curved, margins of the rays not curved outward. Abactinal surface depressed and flatly 
convex. Lateral fringe scarcely extending beyond the margin. Actinal surface flat. 

The supradorsal membrane, which is rather thick, regularly papillose in appearance, 
and not reticulated, is composed of closely interlacing fibrous tissue. The paxille are 
numerous and closely placed, having crowns of usually six spinelets radiating round a 
central one; the expansion of the spinelets is slight, and all are uniformly protuberant. 
The tips of the spinelets elevate the membrane into little conical papillee, which, in con- 
sequence of the regularity of the crowns of the paxille, have the appearance of forming 
six-rayed stars with a central papilla, raised slightly in relief above the general superficies. 
The crowns are closely placed, with the interspaces rather deep; and the “stars” often 
appear to overlap. A more or less distinct lineal arrangement of this ornamentation may 
be observed upon the rays, although here and there irregular paxilla-crowns, with fewer 
or more minute spinelets, as the case may be, are interspersed. The “stars” diminish in 
size as they proceed outward on the ray. The spiracula are small and rather widely spaced. 
The oscular orifice is small, and the spinelets of the valves are short and crowded. 

The ambulacral furrows are narrow, straight, not petaloid, and converge gradually 
towards the extremity. The tube-fect are arranged in simple pairs. The borders formed 
by the transverse combs of spinelets on the adambulacral plates are rather broad. The 
armature of the adambulacral plates consists of a comb of five comparatively short 
spinelets, the innermost one diminutive, not half the length of the others, and placed 
aborally to them on the plate, the comb being thus curved round aborally at the margin of 
the furrow; the spine next to the outermost is usually the longest. The web, which is 
moderately thick and semitransparent, is rather deeply incurved between the spinelets, 
somewhat thickened round them, and slightly sacculate over their extremities; it is con- 
tinued from the outermost spine of the comb far out upon the actino-lateral spines. 

The segmental apertures are rather large and conspicuous for this genus. The aperture- 
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papilla is comparatively large, and free on its aboral side only, forming a regular semi- 
circular lip, the remainder of the papilla being entirely hidden in membrane. 

The mouth-plates are short, but widely expanded laterally, rising by a gradual slope 
into a high and angular median keel, which forms a prominent peak aborally. Hach 
plate bears one moderately robust secondary or superficial spine placed rather nearer the 
anterior margin of the plate than the middle. These spines are shorter than the mouth- 
spines proper, and are covered with a thick investing-membrane slightly sacculate at the 
extremity. Five mouth-spines are situated on the horizontal margin of each plate, the 
innermost the longest, the next slightly smaller, and the outer three much smaller. Each 
of the spines is covered with a moderately thick subsacculate investing membrane; and 
no web is developed, except in a single abnormal instance, where a secondary spine is 
united with the inner or first mouth-spine proper. 

The first or most adoral transverse combs of the adambulacral plates of two neigh- 
bouring rays touch one another at their bases behind the aboral peak of the mouth-plates, 
but are not joimed together. 

The actino-lateral spines are long, delicate, closely placed, and extend to the margin 
of the actinal surface; the web is faintly rounded over their extremities and slightly 
festooned between. The spines are horizontal in their disposition, forming a flat actinal 
surface to the disk; the fringe extends very slightly beyond the margin; and the spines 
diminish to quite microscopic proportions at the extremities of the ray. 

Colour in alcohol, a general pinkish white on the abactinal area, verging on flesh 
colour. ‘The actino-lateral spines, the spines of the adambulacral armature, the mouth- 
plates, and the mouth-spines, are all of a delicate rosy pink colour; and this, seen through 
the semitransparent light flesh-coloured investing tissue, gives an exquisitely beautiful 
appearance to the underside of the starfish. 

Locality.—Station 311. Off the entrance to Smyth Channel. January 11, 1876. 
Lat. 52° 45’ 30” S., long. 73° 46’ 0” W. Depth 245 fathoms. Blue mud. Bottom 
temperature 46°°0 Fahr. ; surface temperature 50°°0 Fahr. 

Remarks.—This remarkably handsome species is distinguished from all other forms by 
the regular stellate character of the paxille-crowns, by the armature of the adambulacral 
plates, and by the general character of the actinal surface. 


5. Pteraster semireticulatus, Sladen (Pl. LXXV. figs. 5 and 6; Pl. LXXVII. figs. 
5 and 6). 
Pteraster semireticulatus, Sladen, 1882, Journ. Linn. Soc. Lond. (Zool.), vol. xvi. p. 195. 
Marginal contour substellate ; interbrachial arcs well indented, the minor radial pro- 
portion being 57 per cent. R=14mm.; r=8 mm. The sides of the rays slightly and 
gracefully curve outward, and the tips are naturally upturned and incised, bringing the 
extremity of the ambulacral furrow upon the abactinal area. Abactinal profile rather high 
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and bombous over the disk, tapering off rather steeply to the extremity of the rays. 
Actinal surface slightly concave. 

The supradorsal membrane is marked out with conspicuous reticulated lines of mem- 
brane, although no regular divisional fibres or independent tendinous network can be made 
out—the fibres present being fine and only distinguishable when highly magnified. The 
paxillz: are moderately long, with the spinelets radiating well outward, about six to eight 
or even more in number ; the corrugated membrane which they support lying thick and 
baggy over their tips, and forming the regular lines and cross-lines whereby the character 
above noted is produced. None of the spinelets are more prominent than the rest ; and, 
although a central one appears to be normally present in the centre of the mesh, this is 
very frequently absent towards the end of the rays. The membrane is semitransparent, 
and contains no spicules; six to ten large-sized, irregularly disposed spiracula occur in 
each mesh-like area. 

The ambulacral furrows are moderately wide and sublanceolate ; the tube-feet more 
or less alternate, and show distinctly a tendency towards quadruple arrangement. The 
armature of the adambulacral plates consists of moderately long and slender spinelets, 
each comb having three or four (and occasionally five) ; the innermost spinelet is not 
more than one-third of the size of the next, and is placed in advance of, or aboral to, the 
rest of the comb; the outer spinelet is usually rather longer than the others. The web- 
membrane is semitransparent, moderately indented, and after passing from the outermost 
spinelet of the comb, is attached to the web of the actino-lateral spine slightly in advance 
of the actino-lateral spine belonging to its own adambulacral plate—the spinelet hanging 
right over the terminal piece of web, which does not reach far out as in Pteraster ruga- 
tus. A rather long saccular prolongation of the web-membrane occurs at the tip of each 
of the spines of the adambulacral comb. ‘Towards the extremities of the rays the combs 
sometimes show a tendency to separate into component spines, each being still clothed 
with membrane. The aperture-papille are somewhat jawbone-shaped, the thickened 
extremity being directed adorally. 

The mouth-plates bear four or five spines on each side, which are long and stouter than 
the spines of the adambulacral armature, both series being webbed together; the outer 
spine is sometimes very small and rudimentary. The secondary or superficial spines are 
smal], not so long as the innermost mouth-spines, but rather more robust. In one or two 
plates of the specimen under notice there is a single irregular secondary spinelet, smaller 
than and accompanying those just referred to. The first adambulacral comb after the 
mouth-plate series has its web continued upon the aboral extremity of the mouth-plate ; 
hence these two combs meet. 

The actino-lateral spines are of moderate length and slender; the fringe, which extends 


a short distance free beyond the margin of the test, is directed horizontally or in the plane 
of the actinal surface. 


REPORT ON THE ASTEROIDEA. 477 


Colour in alcohol, greyish white. 

Locality.—Station 1444. Off Marion Island. December 26,1873. Lat. 46° 48’0”S., 
long. 37° 49’ 30” E. Depth 69 fathoms. Volcanic sand. Surface temperature 41°-0 Fahr. 

Remarks.—This species is remarkable for the manner in which it simulates the struc- 
ture of Retaster in the character of the supradorsal membrane and also, though to a less 
degree, in the character of the web and of the investment of the spines constituting the 
adambulacral armature. These points distinguish Pteraster semireticulatus from all other 
species of Pteraster with which I am acquainted. 


Genus Retaster, Perrier. 


Retaster, Perrier, Nouv. Archives Mus. Hist. Nat., 1878, 2e Série, t. i. p. 56. 
Diplopteraster, Verrill, Amer. Journ. Sci. 1880, vol. xx. p. 400. 


Although the differences which separate Retaster from Pteraster are comparatively 
slight superficially, their constancy and their morphological significance appear to me to 
justify generic recognition. If I am right in referring Pteraster multipes to this genus 
(as I think I am) the name Diplopteraster, proposed by Verrill, will fall as a synonym of 
later application. 


Chorology of the Genus Retaster. 


a, Geographical distribution :— 
AtLantTic: Three species between the parallels of 70° N. and 60° S. 
Retaster multipes, off the coasts of Norway and North America, 
extending as far south as Cape Hatteras. Retaster capensis, from the 
Cape of Good Hope. *Retaster verrucosus, near the entrance to the 
Strait of Magellan. 
INDIAN OcEAN : One species between the parallels of 0° and 30° S. 
Retaster cribrosus from Zanzibar and Mozambique ; and extend- 
ing to the Philippine Islands. 
SourHERN OcEan: One species between the parallels of 45° and 55° S. 
*Retaster peregrinator, from Kerguelen Island, 
EasTERN ARCHIPELAGO: Two species between the parallels of 20° N. and 20° S. 
Retaster cribrosus, from the Philippine Islands and extending into 
the Indian Ocean to the east coast of Africa. *Retaster insignis from 
Torres Strait and the Banda Sea, and extending to Port Molle (fide Bell), 
Paciric: Two species between the parallels of 20° and 60° S. 
*Retaster gibber, off the western coast of Patagonia. *Retaster 
insignis, off Port Molle (fide Bell), and extending into the Eastern 
Archipelago. 


a 
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6. Bathymetrical range: 6 to 640 fathoms. 
Greatest range of one species: Retaster multipes, 124 to 640 fathoms. 
All the other species whose depth is known are confined to the Littoral zone, 
with the exception of Retaster gibber, which extends into the Continental zone. 


y. Nature of the Sea-bottom: Retaster multipes occurs on greenish clay; Retaster 
verrucosus on Sand ; Retaster peregrinator on Voleanic mud ; Retaster gibber 


on Blue mud; fetaster insignis on Coral mud and Green mud. 
‘The species collected by the Challenger are indicated in the above list by an asterisk. 


Chorological Synopsis of the Species. 


Ocean. Range in Fathoms. Nature of the Sea-bottom. 


Retaster capensis . : . | Atlantic. | 
| { Indian and Eastern | 


taster cribrosus = Ils : 
Retaster cribrosus |) Archipelago. 


Retaster gibber . : é Pacific. | 245 Blue mud. 

Retaster insignis . é : aS eg To \ | 6 to 25 Coral mud ; Green mud. 
and Pacific. J : 

Retaster multipes . ; . | Atlantic. 124 to 640 Greenish clay. 

Retaster peregrinator . . | Southern. 127 Volcanic mud. 


Retaster verrucosus ; 4 | Atlantic. 55 Sand. 


1. Retaster verrucosus, Sladen (Pl. LXXVLI. figs. 1 and 2; Pl. LXXVII. figs. 9 and 10). 
Retaster verrucosus, Sladen, 1882, Journ. Linn. Soc. Lond. (Zool.), vol. xvi. p. 196. 


Marginal contour moderately indented in the interradia, which are angular and not 
rounded ; outline of the rays gracefully curved outwards. The minor radius is in the 
proportion of 59°5 per cent. R=47 mm.; r=28 mm. Abactinal profile moderately 
high and rounded, tapering gradually to the extremity of the rays, which are slightly 
upturned and expose the ambulacral furrow on the abactinal area. Actinal surface flat. 

The supradorsal membrane is very regularly and uniformly reticulated. The paxille 
have long pedicles, and bear a crown of about fifteen spinelets, nearly as long as the 
pedicle. The central spinelet, which is very much more robust and longer than any of the 
rest, stands perpendicular, rising in the centre of the mesh, whilst the others, which are 
slender and delicate, radiate round it and outward to the fibrous bands that form the 
outline of the mesh, The median spinelet is much more prominent than any of the others ; 
and the thick fleshy cap formed upon it by the supradorsal membrane imparts a very 
conspicuous papillate appearance to the starfish, assuming in large specimens almost a 
semi-tuberculate character of great regularity and evenness of disposition. In fully grown 
specimens the whole membrane becomes very thick and wrinkled, rendering it difficult to 
trace the radiating bands; in moderate-sized specimens, however, they may be clearly 
distinguished without removing the epidermis. From the central spinelet six to eight 
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secondary muscular fibres radiate up to the main fibres of the mesh ; they are of consider- 
able thickness, and leave only narrow interspaces, in which four or five small spiracula occur. 

The ambulacral furrows are very broad and petaloid in outline; and the tube-feet are 
arranged in quadruple series. The transverse combs of spines on the adambulacral plates 
are numerous and closely placed. The armature of the adambulacral plates consists of 
five moderately long and robust spines, the uniting web being thick, fleshy, and with long 
saccular prolongations extending beyond the tips of the spines. The adambulacral spine- 
lets are nearly equal in length, except the innermost, which is shorter and more delicate. 
Each alternate row or comb is somewhat retired from the furrow margin; and in these 
combs the innermost spinelet is very much smaller than its companions, in some cases 
almost aborted. This spine is usually placed rather in advance of its row. 

The mouth-plates are armed with long mouth-spines, four on each plate, all the eight 
webbed together, not radiating apart, but forming a narrow scoop-like fan, the inner three 
spines on each plate being about equal in length, but the outermost spine is very small 
and short. The secondary or superficial mouth-spines (one on each plate) are not longer 
than the mouth-spines, scarcely if at all stouter, subcylindrical, not pointed, and covered 
rather thickly with membrane. 

The actino-lateral spines are completely hidden in a very thick fleshy membrane, 
which extends as a saccular prolongation beyond their extremities, forming an aborted 
lateral fringe projecting slightly beyond the margin of the disk and rays. 

Colour in alcohol, varying from light warm brown to purplish grey. 

Locality.—Station 313. Near the Atlantic entrance to the Strait of Magellan. 
January 20, 1876. Lat. 52° 20’ 0” S., long. 67° 39’0” W. Depth 55 fathoms. Sand. 
Bottom temperature 47°°8 Fahr.; surface temperature 48°°2 Fahr. 

Remarks.—Although this species bears much resemblance in outline and general form 
to Retaster peregrinator, it may be at once distinguished by the character of the abactinal 
surface, the structure of the paxillee, and the armature of the adambulacral plates. A six- 
rayed example of this species, of great regularity and beauty, was also obtained. 


2. Retaster peregrinator, Sladen (Pl. LXXYV. figs. 1-4). 
Retaster peregrinator, Sladen, 1882, Journ. Linn. Soc. Lond. (Zool.), vol. xvi. p. 198. 


Marginal contour not greatly indented, the minor radius being in the proportion of 
65°85 per cent. R=41mm.; r=27 mm. Interbrachial arcs subangular or faintly rounded. 
Rays short, thick, blunt, and rounded at the extremities, which are slightly upturned. 
Abactinal profile bombous and rather high. Actinal area flat or subconvex, 

The supradorsal membrane is thick and regularly reticulated. The paxille have a 
crown of five to ten spinelets, one directed to the centre of the mesh, the rest expanded 
very slightly; six radiating fibrous bands pass from the central spinelet to the mesh 
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fibres: and the interspaces include two or three large spiracula. All the spinelets are 
uniformly protuberant, and that only to a slight degree ; they are rather closely placed, 
and the whole abactinal area is thickly covered with rather fleshy wrinkled skin, presenting 
a somewhat spongy and subpapillose appearance, and a slightly scabrous feeling to the 
touch. ‘he primary meshes are not very distinctly marked out superficially, and the 
hexagons consequently appear to overlap or run into one another in many cases. The 
oscular orifice is small and inconspicuous. 

The ambulacral furrows are broad and more or less petaloid, the closely placed and 
prominent transverse adambulacral spine-combs adding greatly to the appearance of 
breadth. The tube-feet are arranged in quadruple series. The combs of spines forming 
the adambulacral armature are broad, a feature further enhanced by their method of 
arrangement. ach alternate comb has usually two spines less; in this way combs of 
seven to eight spinelets alternate regularly with combs of five. The larger combs radiate 
well over the furrows, whilst the smaller ones, on the other hand, are considerably retired 
from the margin, the innermost spine standing perpendicularly, or even directed slightly 
outward. Hence when seen from above, the smaller combs appear to occupy little more 
than one-half, or at most two-thirds, the space of the larger combs. In the larger combs 
the innermost spine is smaller and shorter than the rest, frequently not more than half 
the length. In the smailer combs the innermost spine is much smaller still, often quite 
aborted and apparently absent. The other spines are nearly equal in length, and both 
combs are uniform with one another in this respect. The combs are thickly webbed, and 
have large and elongate saccular extensions developed over the extremities of the spinelets. 

The mouth-armature resembles that of Retaster verrucosus. The mouth-spines are 
eight to ten in number, four or five on each plate, both series being webbed together, 
and forming a narrow scoop-like fan. The secondary or superficial mouth-spines, one on 
each plate, are thin, cylindrical, not tapering, no longer than the mouth-spines, and 
covered with membrane. 

The actino-lateral spines are of moderate length, reaching up to the margin of the 
test ; they are hidden in membrane, of which a saccular but not indented prolongation 
extends beyond the extremities as a fleshy marginal fringe. The segmental apertures of 
the abactinal chamber are very large and elongate, situated well within the transverse 
combs, and quite hidden thereby. 

Colour in alcohol, purplish grey. 

Locality.—Station 1494. Off Cumberland Bay, Kerguelen Island. January 29, 
1874. Lat. 48° 45’ 0” &., long. 69° 14’ 0” E. Depth 127 fathoms. Volcanie mud. 
Surface temperature 39°°8 Fahy. 

Remarks.—Retaster peregrinator resembles in general form Fetaster verrucosus from 
the Atlantic side of the Strait of Magellan, of which it may be regarded as the representa- 
tive in the Southern Ocean area. The two forms are, however, specifically distinct, and 
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may be recognised readily by the structure of the paxille, the resultant character of the 
abactinal surface, and the armature of the adambulacral plates. 


3. Retaster gibber, Sladen (Pl. LXXIV. figs. 5 and 6; Pl. LXXVII. figs. 7 and 8). 
Retaster gibber, Sladen, 1882, Journ. Linn. Soc. Lond. (Zool.), vol. xvi. p. 199. 


Marginal contour substellate, interbrachial ares acute, not rounded. Minor radial pro- 
portion about 50 per cent. R=28 mm.; r=14 mm. Rays five, well rounded, tapering 
continuously from the angle to the extremity, with sides rounded, tumid, and curving 
over upon the actinal area as in Kehinaster. Abactinal profile high, gibbous, rounded. 
On the actinal area the mouth and surrounding portions are deeply sunken. 

The supradorsal membrane has reticulated fibrous bands, which mark it off into 
square or rhomboidal meshes of great regularity. In the centre of each, three or four 
paxillar spinelet-tips are visible; and other spinelets radiate to the mesh fibres, one (or 
occasionally two) spiracula being situated in the interspaces. The white fibres of the 
meshes form a conspicuous feature, and the slightly protrusive tips of the spinelets impart 
a granulose appearance to the abactinal area, the whole being covered with a thin fleshy 
membrane. The oscular orifice is small, closed by a number of subpapillate spinelets, 
rather longer, more prominent, and more robust than those of the paxille proper. 

The adambulacral furrows are narrow and deeply sunken. The combs of the adambu- 
lacral armature, which are quite within the furrow and below the level of the test, are 
composed of three to five spinelets, which are short, rather robust, and webbed together, 
the membrane being very slightly indented, and with a slight knob over the end of each 
spinelet. The ambulacral tube-feet are completely hidden by the over-arching combs. 

The mouth-plates are deeply sunken; the mouth-spines are longer than the spines of 
the adambulacral armature, three on each plate, the whole six being webbed together into 
a continuous comb. Each plate bears one large isolated secondary or superficial spine, 
longer than the mouth-spines, very robust, covered with a thick membrane, except at the 
tip, which is translucent and sharply pointed. 

The segmental apertures are elongate and narrow, the papille being free on the aboral 
side only. 

The actino-lateral spines are very short and robust, almost hidden within the furrow, 
of which they appear to form the sides, and only protrude a short way beyond the level of 
the test ; they stand nearly perpendicular to the plane of the ray, and in some parts show 
a tendency even to arch over the furrow slightly. This disposition, together with the 
abortive character of the fringe, imparts a feature very different from that usually pre- 
sented by this structure in the Pterasteride. In the immediate angle, near the actinostome, 
the actino-lateral spines are somewhat longer, and are laid over upon the rounded surface 
of the interradial area, their web being continuous and forming a smooth, fleshy triangular 
area leading up to the mouth-angle. 

(ZOOL, CHALL, EXP.—PART LI.—1888.) 61 
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Colour in alcohol, yellowish or greyish white. 

Locality.—Station 311. Off the entrance to Smyth Channel. January 11, 1876. 
Lat. 52° 45’ 30” 8, long. 73° 46’ 0” W. Depth 245 fathoms. Blue mud. Bottom tem- 
perature 46°°0 Fahr. ; surface temperature 50°°0 Fahr. 

Remarks.—Retaster gibber is distinguished from all other species of the genus by the 
rounded margin, by the shortness and peculiar posture of the actino-lateral spines, and by 
the ebaracter of the network of the supradorsal mem|rane. 


4, Retaster insignis, Sladen (Pl. LXXVI. figs. 3 and 4; Pl. LXXVII. figs. 11 and 12). 
Retaster insignis, Sladen, 1882, Journ. Linn. Soc. Lond. (Zool.), vol. xvi. p. 200. 

Marginal contour stellate, five-rayed. Interbrachial ares well rounded. Minor radial 
proportion 44:4 per cent. R= 45 mm.; 7 = 20 mm. (In another example R: 7 as 
70:81.) Rays very slightly tapering, obtusely rounded at the extremities. Abactinal 
surface moderately convex, rays uniformly rounded from the margin. Actinal surface flat 
or subeconcave, somewhat impressed round the actinostome. 

The supradorsal membrane is very conspicuously reticulated. The paxillee-spinelets 
are prominent, arranged in regular lines, joined by fibres forming large uniform rhomboidal 
meshes, which are rendered still more distinct by the lines and the investment of the 
spinelets being of a dark purple or black colour, whilst the supradorsal membrane generally 
is ashy white. ‘The meshes are filled in with a closely aud regularly reticulate tissue, the 
interspaces of which are small, equally spaced, and each punctured with a minute 
spiraculum. The opposite angles of the rhomboidal areas are usually joined by fibres 
rather more robust than the rest, forming a right-angled cross in the centre, and marking 
off the reticulated area of the mesh into four more or less easily distinguishable sections. 
There are eighty to one hundred or more spiracula in each mesh. The spinelets which 
stand at the angles of the meshes protrude more than the others, and appear like well- 
developed thornlets springing from the general surface. The oscular orifice is small and 
constricted, the spinelets of the pseudo-valves are slightly prominent, their extremities 
being tipped with the same dark colour as the lines of reticulation above mentioned. 

The ambulacral furrows are narrow, straight, and sunken, their apparent depth being 
further increased by the position of the prominent fringe of the actino-lateral spines, which 
stand vertically on each side of the furrow. The armature of the adambulacral plates consists 
of five spines, united together by a web, three standing on the margin of the plate parallel 
to the furrow, the next (more adoral) placed more outwards and away from the furrow, and 
the fifth more outward still. The innermost (¢.e. most aboral) spine of the furrow series is 
very small, each succeeding one in the comb increasing in length; all are comparatively 
short, delicate, and tapering. The membrane which unites the spinelets is very fine, semi- 
transparent, and deeply festooned between the spinelets, and 1s continued from the outermost 
spine of the comb upon the adjacent actino-lateral spine. The small spines placed on the 
margin detract very slightly from the general transverse aspect of the comb, their smallness 
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rendering them inconspicuous; they have, however, the peculiarity of closing the space 
between their own and the next aboral comb at the margin of the furrow. The aperture- 
papille are small and sublanceolate in form, hidden in the general membrane, excepting 
their adoral side, which alone is free, and closes the aperture, shutting close up to the 
next aboral actino-lateral spine. 

The mouth and parts surrounding it are much sunken—a feature further emphasised 
by the deep wall of the continuous marginal fringe. The mouth-plates are elongate, with 
their aboral extremities produced into a rather prominent peak, suggestive of that in 
Hymenaster. About five mouth-spines are borne on the outer margin of each plate, the 
innermost much longer and more robust than the others, all webbed together and forming 
an elegant marginal comb conformable to the contour of the plate. The innermost spines 
of the two adjoining plates stand close together, but are not united by web. On the 
superficies of each plate, and nearer the mouth than midway, is a long, robust, cylindrical, 
rapidly tapering secondary spine, standing isolate and perpendicular, covered with mem- 
brane, but with no web-attachments. 

The actino-lateral spines are short and robust, not more than one-third longer than the 
outermost spine on the adambulacral plates, and tapering only very slightly. They are 
united by a close fibrous web, the margin of which and the tips of the spines (as well as the 
tips of the spinelets in the transverse adambulacral combs) are tipped with dark purple. The 
lateral fringe thus formed stands perpendicular on the margin of the furrow; and the spines 
comprising it would at first sight be thought to belong to the comb-series. The fringe of 
the adjacent sides of two neighbouring rays is merged together at their adoral extremity, 
forming a continuous fringe, which runs close past the aboral.end of the mouth-plates. 

Localities.—Station 189. In the Arafura Sea. September 11,1874. Lat. 9° 36’0”S., 
long. 137° 50’ 0” E. Depth 25 fathoms. Green mud. Surface temperature 79°0 Fahr. 

Station 187. Off Booby Island, Torres Strait. September 9, 1874. Lat. 10° 36’ 0” 
S., long. 141° 55’0” E. Depth 6 fathoms. Coral mud. Surface temperature 77°°7 Fahr. 

Remarks.—This remarkably handsome form may be distinguished at the first glance 
from all other species. In fact the superficial differences are so striking that I was at first 
disposed to accord it subgeneric rank; the structure of the supradorsal membrane, of the 
adambulacral armature, and of the actino-lateral fringe appearing to justify that step. 
Further study has, however, scarcely borne out the morphological importance which I was 
inclined to place upon these structures, and I now merely mention the circumstance as 
indicative of the characters by which the species may be readily distinguished. 


Genus Marsipaster, Sladen. 
Marsipaster, Sladen, Journ. Linn. Soc. Lond. (Zool.), 1882, vol. xvi. p. 202. 
Form depressed. Marginal contour pentagonoid. Abactinal area flatly convex. 


Actinal area plane. 
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Supradorsal membrane an irregularly developed, somewhat spongiform, tissue. No 
muscular fibrous bands. No spicules. Paxillee with moderately expanded crowns com- 
posed of a great number of fine, long, hair-like spinelets (fifteen to thirty), their extremities 
protruding freely through the membrane. Paxille invested with a well-developed mem- 
branous envelope. 

Adambulacral armature forming transverse combs, consisting of spines webbed 
together ; the spinelets more or less horizontal in position, overspanning the furrow. 

Mouth-plates with one secondary or superficial spine on the actinal surface, connected 
with the mouth-spine series by a continuation of the web. Mouth-spines proper three on 
each plate, webbed together. 

Actino-lateral spines merged in the actinal floor ; no independent marginal fringe. 

Remarks.—This genus is nearly related to Pteraster,—from which, however, it is dis- 
tinguished by the rudimentary character of the supradorsal membrane, devoid of muscular 
fibrous bands; by the actino-lateral spines being merged in the actinal floor; and by the 
absence of a marginal fringe. Furthermore, the numerous hair-like spinelets of the paxillze 
protruding through the supradorsal membrane give a peculiar character to the abactinal 
area ; and the spines which constitute the armature of the adambulacral plates, from their 
high position in the furrow and from their more or less horizontal direction, present a 
feature unknown in the other members of the group. 

The representatives of this genus collected by the Challenger are all from the Pacific ; 
the occurrence of an Atlantic species is, however, reported by Perrier’ in a summary of 
the novelties obtained by the “ Talisman ” Expedition, but no description has yet been 
published, and the position of the dredging station is not stated. 


Chorology of the Genus Marsipaster. 
a. Geographical distribution :— 
AtLantic: One species between the parallels of 10° and 50° N. 
Marsipaster alveolatus, dredged by the “Talisman” Expedition. 


Paciric: Two species between the parallels of 30° and 40° S. 
Marsipaster spinosissimus, in the Mid-South Pacific, near the 
meridian of 185° W. Marsipaster hirsutus, between Valparaiso 
and the Island of Juan Fernandez. 


8. Bathymetrical range: 2160 to 2335 fathoms. 


y. Nature of the Sea-bottom: Marsipaster spinosissimus on Red clay ; Marsipaster 
hirsutus on Blue mud. 


} Ann. Sci. Nut. (Zool.), 1885, 6e Série, t. xix. Art. No. 8, p. 69. 


REPORT ON THE ASTEROIDEA. 485 


Chorological Synopsis of the Species. 


| Ocean. | Range in Fathoms. Nature of the Sea-bottom. 
| nse ees : s ee ee 
| - 
Marsipaster alveolatus . ; | Atlantic. | 2192 
| 
| Marsipaster hirsutus — . ond | Pacific. | 2160 Blue mud. 
Marsipaster spinosissimus —, | Pacific. | 2339 Red clay. | 


1. Mursipaster spinosissimus, Sladen (Pi. LXXVIII. figs. 5 and 6; Pl. LXXIX. 
figs. 7-9). 
Marsipaster spinosissimus, Sladen, 1882, Journ. Linn. Soc. Lond. (Zool.), vol. xvi. p. 203, 


Marginal contour pentagonoid. Rays somewhat produced. Interbrachial arcs widely 
rounded, forming a continuous curve from tip to tip. The minor radius is in the propor- 
tion of 62°5 per cent. R= 16 mm.; 7=10mm. General form depressed ; abactinal 
area slightly convex, tapering off gently to the extremity of the rays. 

The supradorsal membrane is very fine and thin, somewhat irregular, and forming a 
continuous spongiose mass, rather than a definite membranous sheet, through which the 
spinelets of the paxillee protrude freely. No specialised muscular fibrous bands are present. 
The spiracula, which are very few in number, are widely and irregularly spaced. 

The paxille have long pedicles and a crown consisting of a great number of very fine 
hair-like spinelets (twenty to thirty at least upon the disk), which radiate at a small angle 
from the perpendicular, the crown and pedicle being alike invested with a delicate mem- 
branous tissue, the whole appendage seen in profile bearing a fanciful resemblance to an 
umbrella when turned inside out. The investing membrane merges into the general spongy 
tissue above mentioned, and a considerable length of the extremities of the spinelets pro- 
trudes free and naked. The paxille are numerous, and their crowns join up close together. 
Owing to these circumstances and to the great number of the spinelets, the abactinal 
surface presents the appearance of a coarse, irregular velvet pile. The oscular orifice is 
small and quite inconspicuous, the valves consisting of a flattened crown of rather more 
robust spinelets. 

The ambulacral furrows are rather broad, not petaloid, and taper towards the extremity. 
The tube-feet are arranged in simple pairs. The armature of the adambulacral plates 
consists of five long, acicular spinelets, webbed together into transverse or obliquely 
curved combs, and remarkable for their position more than half within the furrow. The 
spines are of unequal length, the innermost being much smaller than any of the others, 
and placed somewhat in advance of, or aboral to, the series ; the longest spine, which is 
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usually the middle one, or sometimes the second from the outside, is nearly equal in length 
to the breadth of the furrow, across which it stretches horizontally, whilst the two outer 
spines radiate downward and aborally. Consequent on this position of the median spine, 
the spinelets which compose the outer half of the comb radiate very widely apart. The 
connecting web is fine and semitransparent, very deeply indented between the spinelets, 
which gives the combs a remarkable appearance; and the web is continued from the 
outer spine of the comb down to the base of the aperture-papilla, and not out along the 
actino-lateral spine. The aperture-papilla, which is represented by a small conical spinelet 
placed on the outer edge of the adambulacral plate, and between the bases of the actino- 
lateral spines, is covered with membrane, that of the actinal area being stretched over it, 
giving it the form of a small subtriangular or conical peak. 

The mouth-plates are of moderate length, with widely expanded lateral flanges. The 
keel along the line of junction, which is prominent, forms a well-developed peak aborally, 
hidden beneath the tissue of the actinal membrane, and is produced into a point adorally. 
On each side of this, and placed on the horizontal margin of the plates, are three mouth- 
spines, webbed together, about equal in size to the spines of the adambulacral armature, 
but rather more robust, the innermost spine on each plate being the longest, and the 
other two decreasing in series. Immediately behind the three mouth-spines stands a 
small secondary or superficial mouth-spine about the same size as, or smaller than, the inner- 
most mouth-spine, with which it is connected by a continuation of the web; the pseudo- 
comb being thus bent upon itself at a sharp angle, gives a very striking character to 
the armature of the mouth-plates. The spines which form the armature of the first 
adambulacral plates have their bases arranged in a semicircular curve, and the spines 
radiate at equal distances apart, and are directed downward and adorally, the middle 
spine being longest. The spines are all webbed together, and a continuation of the 
tissue from the outermost spine is attached to the prominent posterior or aboral 
portion of the median keel of the mouth-plates, and there coalesces with the web of the 
corresponding comb of the neighbouring ray, thus forming an elegant compound pair of 
fans which arch over the aboral peak of the pair of mouth-plates. 

The actino-lateral spines are rather short and robust, not extending, or only to the 
very slightest distance, beyond the margin. They are united by a fine semitransparent 
membrane, slightly indented between the tips, which also forms the actinal floor of the 
test. Probably in this species there is no free extension of the lateral or marginal 
fringe, such as occurs in shallower water forms, but unfortunately the preservation of the 
specimens in this portion of their structure is imperfect ; for the same reason it 1s difficult 
to determine with accuracy the number of actino-lateral spines, but probably about twenty 
to twenty-two were present; seventeen may be counted in natural position ; the sixth 
from the mouth appears to have been the longest. 

Colour in alcohol, brownish grey. 
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Locality.—Station 286. In the Mid-South Pacific, near the meridian of 135° W., 
approximately midway between Sydney and Valparaiso. October 16, 1875. Lat. 33° 
29’ 0” S., long. 133° 220” W. Depth 2335 fathoms. Red clay. Bottom temperature 
34°°8 Fahr. ; surface temperature 63°°0 Fahr. 


2. Marsipaster hirsutus, Sladen (Pl. LXXVIII. figs. 3 and 4; Pl. LXXIX. 
figs. 4-6). 


Marsipaster hirsutus, Sladen, 1882, Journ, Linn. Soc. Lond, (Zool.), vol. xvi. p. 205. 


Marginal contour substellate, interbrachial ares well indented, the minor radius being in 
the proportion of 60°2 per cent. R=13°5 mm.; r=8'°5 mm. Rays broad at the base, 
bounded by lines running direct from the median interradial line, with little if any 
curve or rounding. Abactinal area moderately convex; rays slightly upturned at the 
extremities. 

The supradorsal membrane is a fine, irregular, and somewhat spongiose tissue con- 
tinuous over the whole area, through which the extremities of the spinelets of the paxille 
protrude freely. No definite membrane, and no muscular fibrous bands are present. The 
paxillee have long robust pedicles and bear ten to fifteen fine, long, acicular spinelets ; the 
investing membrane of the crown is merged into the general supradorsal tissue, and the 
naked tips of the spinelets, which pass through the tissue, give the surface a some- 
what hirsute or prickly appearance. The spiracula are comparatively large, very few 
in number, and very widely spaced. ‘The oscular aperture is inconspicuous; the valves 
are formed of spines similar to those on the paxille generally, and present no special 
external characters. 

The adambulacral furrows are broad and straight, not petaloid. The tube-feet are 
arranged in simple pairs. ‘The armature of the adambulacral plates consists of five spine- 
lets, which form a transverse comb. ‘The two innermost spines are much smaller than 
the rest, and stand parallel to the furrow, rather in advance of, or aboral to, the other 
three, which are disposed across the broad adambulacral plate, are articulated on more 
or less definite tubercles, and form a series at a right angle to the furrow. The middle 
spine is longest. The whole series is webbed together with membrane which is deeply 
indented betiveen the radiating spimelets, but not nearly so much as in Marsipaster 
spinosissimus. 

The mouth-plates are broad, having wide lateral expansions, and with an elevated 
ridge along their line of junction, developing a prominent peak aborally and a rounded 
point inward. The armature consists of three long, robust mouth-spines, placed on the 
horizontal margin of each plate, the innermost spine being largest and longer than the 
spinelets of the adambulacral armature, the outermost less than half its size, and sometimes 
accompanied by an additional diminutive spinelet. The inner spines stand well away 
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from the adoral point of the united mouth-plates, which becomes in consequence rather 
conspicuous, Immediately behind, or aboral to the mouth-spines proper, is a single 
superficial or secondary mouth-spine, smaller than the long mouth-spines. The three 
mouth-spines of each plate are webbed together by a semitransparent membrane deeply 
indented between ; and the secondary spine is united to the innermost spine by a con- 
tinuation of the web. The long innermost spines are directed towards the centre of the 
mouth, where they almost meet, the other spines radiating slightly outward from this. 
The first, or most adoral, comb-series forms a widely expanded semicircular fan, the web 
being continued and attached to the prominent aboral peak of the mouth-plates. 

The actino-lateral spines are robust, but short ; the character of the fringe is destroyed, 
but probably was more or less distinct along the rays; the spines do not reach to the 
margin in the interbrachial arc, but are merged in the membrane of the actinal floor. 
The margins of the rays and disk are well-rounded and regularly covered with the intra- 
paxillar tissue continuous from the disk; indeed the greater part of the actinal portion of 
the interradial space has the paxillate character of the abactinal surface. 

Locality.—Station 299. Off the western coast of South America, between Valparaiso 
and the Island of Juan Fernandez. December 14, 1875. Lat. 33° 31’ 0” S., long. 74° 
43/0” W. Depth 2160 fathoms. Blue mud. Bottom temperature 35°:2 Fahr.; surface 
temperature 62°'0 Fahr. 


Genus Calyptraster, Sladen. 
Calyptraster, Sladen, Journ. Linn. Soc. Lond. (Zool.), 1882, vol. xvi. p. 207. 


Form depressed. Marginal contour pentagonal. Abactinal area plane. Actinal area 
convex. 

Supradorsal membrane very delicate, perfectly transparent. No muscular fibrous 
bands. Spiracula present. Nospicules. Paxillee with short, robust spinelets (five or six in 
the type species), usually flaring at the extremity, crown widely expanded, not protruding 
through, or even elevating the membrane, simply supporting it. 

Adambulacral armature forming transverse combs of spines; the spinelets being 
perpendicular in position, and webbed together. Segmental apertures present. Aperture 
papille not free, opening laterally only. 

Mouth-plates with two or three pairs of superficial or secondary mouth-spines on the 
actinal surface of the plates. Mouth-spines proper two, or occasionally three. 

Actino-lateral spines merged in the actinal floor. No independent lateral fringe. 

Remarks.—This genus is established for the reception of a very elegant little form 
which presents certain resemblances to Hymenaster and also to Pteraster. It resembles 
Hymenaster in the absence of a marginal fringe and in the merging of the actino-lateral 
spines in the actinal floor, and resembles Pterwsfer in having the armature of the adam- 
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bulacral plates composed of transverse combs of spines united by web-tissue. It differs 
from both genera in its transparent supradorsal membrane devoid of muscular fibrous 
bands, by the possession of three pairs of free secondary or superficial mouth-spines, and 
by its true pentagonal form. 


Chorology of the Genus Calyptraster. 


g 


Geographical distribution :— 


ATLANTIC: One species between the parallels of 0° and 15° 8, 
Calyptraster coa, off the coast of Brazil, south-east of Per- 
nambuco. 


ee) 


. Bathymetrical range: Uncertain ; between 32 and 400 fathoms. 


y. Nature of the Sea-bottom: Red mud. 


Chorological Synopsis of the Species. 


Ocean. Range in Fathoms. | Nature of the Sea-bottom. 


Calyptraster coa . : ; Atlantic. 32 to 400 | Red mud. 


1. Calyptraster coa, Sladen (Pl. LXXVIII. figs. 1 and 2; Pl. LX XIX. figs. 1-3). 
Calyptraster coa, Sladen, 1882, Journ. Linn. Soe. Lond. (Zool.), vol. xvi. p. 207. 


Marginal contour pentagonal, interbrachial arcs very slightly incurved. Minor radial 
proportion 68 per cent. R=11mm.; 7=7°5 mm. Abactinal surface flat, or even some- 
what concave in consequence of the rays being slightly curved upward ; radial areas not 
specialised externally, the supradorsal membrane forming a plane area. No marginal 
fringe. Actinal surface convex. 

The supradorsal membrane is extremely thin and perfectly hyaline, a clean specimen 
appearing to the eye as transparent as glass. No muscular bands are present, although a 
fibrillar strueture may be seen in the tissue under high magnification. The spiracula are 
rather large, numerous, and uniformly distributed. The paxille have long pedicles, and 
are moderately delicate, evenly and equidistantly placed; the crown is usually composed 
of five spinelets, which are short in comparison with the pedicle, and rather delicate. A 
few of the spinelets taper a little at their extremity, but usually they are slightly flaring. 

(ZOOL. CHALL, EXP.—PART LI.—1888.) 62 
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The supradorsal membrane is literally supported upon the tips of these spinelets. About 
nine longitudinal rows of paxilla-crowns are discernible at the base of a ray, The oscular 
orifice is small but very conspicuous, in consequence of the well-defined bosses upon which 
the valves are articulated, which are visible through the transparent membrane. The 
valves are very regular, and composed of thirteen or fourteen spines, the outer one or two 
on each side being almost aborted and hidden in the general membrane by which the 
whole series is webbed together, whilst the two innermost spines are longer than the 
others, which decrease gradually on each side and form a regular triangular fan, the base 
of which is ‘articulated on the elongate boss or modified pedicle above-mentioned. The 
bosses stand transversely and regularly central in the median line of each ray ; in conse- 
quence of their breadth the distance between two neighbouring bosses, which is very 
small, is bridged over by two or three spinelets, whilst a few short spinelets spring from 
the surface of the boss, and in this manner mark out a pentagonal outline round 
the orifice. The valves when closed lie flat over the opening, and do not form a 
pyramid. 

The ambulacral furrows are wide, lanceolate, and scarcely petaloid. The armature of 
the adambulacral plates consists of four spines (in a small specimen three), which are of 
moderate length, rather robust at the base and sharply tapering, arranged at an angle of 
such great obliquity that, roughly speaking, the series may be described as transverse, 
although the innermost spine, which is somewhat smaller than the others, is usually more 
aboral than the rest of the series. The spines are not individually invested with mem- 
brane, but are webbed together in the combs on at least the inner half of the ray. The 
web-tissue is extremely thin and very deeply indented between the spinelets ; indeed, it is 
only possible to make it out by means of favourable illumination. This character seems 
to be less general in some specimens than in others. 

The aperture-papille are small, short, and elongately oval, more or less squamous, but 
often developing small thornlets upon the surface. They are more or less hidden in mem- 
brane, and are free only on the aboral side. 

The mouth-plates are small, but rather elongate and prominent, as if compressed 
together laterally. The aboral extremity is prominent. The adoral peak is almost oblite- 
rated by the expansion of the lateral flanges. Each plate bears three superficial or secondary 
spines (in a small specimen two) not longer than the spines of the adambulacral armature, 
but nearly twice as robust, thick at the base and tapering to a fine extremity. They are 
somewhat bowed or geniculate at right angles to the line of junction to the mouth-plate. 
The anterior pair are situated at a little distance from the adoral extremity of the plates ; 
and the second pair, which are slightly larger and rather wider apart, stand midway between 
them and the aboral extremity of the mouth-plates. Immediately above the anterior pair 
and placed on the innermost part of the lateral flanges, are a pair of mouth-spines (7.e., one on 
each plate), similar in every respect to the secondary spines just described, only slightly 
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smaller and rather wider apart ; indeed, in some specimens one is almost inclined to class 
them along with the secondary series. Midway on the horizontal margin of the flange is 
one small pointed mouth-spine ; and in a large specimen a second and rather larger spinelet 
occurs between this and the innermost mouth-spine, and nearer to the latter. 

The actino-lateral spines are rather robust, well spaced, tapering slightly at the 
tips, excepting those spines included within the interradial area, which are slightly 
thickened, and do not meet their corresponding spines from the neighbouring ray in the 
median interradial line. There are twenty-five to twenty-seven actino-lateral spines on 
each side of a furrow, the seventh or eighth from the mouth being longest; after this they 
gradually diminish in size as they proceed outward, maintaining, however, a fair length 
even at the extremity, where they are a little shorter than the first (or adoral) spine of 
the series, thus forming a conspicuous little fringe round the extremity of the ray. The 
ambulacral furrow is extended vertically up the extreme tip of the ray, but is not exposed 
on the abactinal surface, being arched over by the terminal spinelets just described. 
Immediately inside this ocular fringe on the abactinal surface is a little ridge of eight 
to ten minute conical spinelets or papillz, which forms a semi-circular collaret at the 
extreme tip. ; 

The actinal membrane is as transparent as the abactinal membrane, the actino-lateral 
spinelets forming the floor of the test and projecting only their pointed tips beyond the 
sharp margin, to which they impart a delicate serrate character. 

Colour in alcohol, a light straw colour verging towards golden brown. 

Locality.—-Station 122-122c. Off the coast of Brazil, south-east of Pernambuco. 
September 10, 1873. Lat. 9° 5’ 0” 8. to 9° 10’0”S., long, 34° 49’ 0” W. to 34° 53’ 0” W. 
Depths 32, 120, 350, 400 fathoms. Red mud. Surface temperature 77°°5 Fahr. 

Unfortunately only the Station number is indicated on the label accompanying these 
specimens, and no record is given as to the particular dredging in which they were 
obtained.’ 


Genus Hymenaster, Wyville Thomson. 
Hymenaster, Wyville Thomson, The Depths of the Sea, London, 1873, p. 120. 


This genus was established by Sir Wyville Thomson for the reception of a remark- 
able Asterid discovered during the cruise of H.M.S. ‘‘ Porcupine.” Only a single example 
was obtained, and, although the form was not fully described, the characters which 
distinguish it from Pteraster were duly recognised and a good figure of the actinal aspect 
of the starfish was given by Sir Wyville Thomson. Some doubts were subsequently 
expressed by Perrier® as to the validity of separating Hymenaster from Pteraster, but 

1 From an examination of our Station notes I have no doubt the specimens came from the trawling in 350 


fathoms.—Zd. 
* Now. Archives Mus. Hist. Nat. 1878, 2e Série, t. 1. p. 55. 
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in his later work’ the independence of the genus is recognised, and two new species 
dredged during the “Talisman” Expedition have been referred by him to Hymenaster 
and “named,” but their descriptions have not yet been published. 

The dredgings of the Challenger Expedition have now shown that Hymenaster 
possesses a world-wide distribution in deep waters, and that the genus exhibits a 
remarkable amount of morphological plasticity, no less than twenty-four species being 
now known. 

The bathymetrical range of the genus is also remarkable, as, with the exception of the 
type form (Hymenaster pellucidus), which ranges from 70 to 1539 fathoms (fide 
Danielssen and Koren), all the species are confined to the Abyssal zone. One, Hymenaster 
mfernalis, extends to 2900 fathoms, the greatest depth at which starfishes have hitherto 
been found ; and four other species occur in depths greater than 2000 fathoms. 

The character of the adambulacral armature, which does not form transverse combs of 
webbed spines, and the structure of the actinal skeleton, composed of greatly developed 
actino-lateral spines, overlaid with a membranous tissue, forming the whole actinal 
floor of the test, constitute differences which, in my opinion, emphatically separate 
Hymenaster generically from Pteraster; and its divergence from the other members of 
the family Pterasteridz is equally well marked. 

The general facies of the type appears to be one of great antiquity. This, however, 
is not the place to discuss, as I should desire, the archaic relationships of existing 
Asterids; and I would therefore now only briefly direct attention to the remarkable 
resemblance and, in many respects, apparent similarity of general character, which exist 
between Hymenaster and the recently described Loriolaster of Stiirtz® from the Lower 
Devonian slates of Bundenbach. 


Chorology of the Genus Hymenaster. 
a, Geographical distribution :— 


ATLANTIC: Seven species between the parallels of 81° N. and 40° S. 

Hymenaster pellucidus, from the Faerée Channel, off the coast 
of Norway, and the islands of Jan Mayen and Spitzbergen. *Hymen- 
aster nembranaceus, south-west of Cape Finisterre. Hymenaster 
rex and Hymenaster giboryi, dredged by the “ Talisman” Expedition. 
*Hymenaster anomalus, north of the Island of Tristan da Cunha. 
Hymenaster modestus, off the coast of the United States of North 
America. *Hymenaster pergamentaceus, off the coast of South 
America, east of Buenos Ayres. 


' Ann, Sci. Nat. (Zool.), 1885, 6e Série, vol. xix. Art. No. 8, p. 69. 
? Paleontographica, 1886, Bd. xxxii. p. 94, Taf. xii., xiii. 
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SovTHERN Ocran: Nine species between the parallels of 40° and 60° S. 
* Hymenaster graniferus, *Hymenaster coccinatus, and * Hymen- 
aster precoquis, in the neighbourhood of Marion and the Crozet 
Islands. “Hymenaster latebrosus, near the meridian of 110° E. 
*Hymenaster nobilis, *Hymenaster formosus, *“Hymenaster saccu- 
latus, *Hymenaster cxlatus, and *“Hymenaster crucifer, south of 
Australia. 


Pactric: Eight species between the parallels of 40° N. and 40° S. 
*Hymenaster infernalis, from the Mid-North Pacific, near the 
meridian of 170° E. *Hymenaster glaucus, south of Japan. *Hymen- 
aster pullatus, north of New Guinea, south-west of the Admiralty 
Islands. *“Hymenaster echinulatus and * Hymenaster geometricus in 
the Mid-South Pacific near the meridian of 1385°'W. * Hymenaster 
carnosus, off the west coast of South America. *Hymenaster vica- 
rius and *Hymenaster porosissimus, off the coast of South America, 
between Valparaiso and the Island of Juan Fernandez. 


8. Bathymetrical range: 70 to 2900 fathoms. 

Greatest range of one species: Hymenaster pellucidus, 70 to 1539 fathoms 
(fide Danielssen and Koren). 

All the species excepting Hymenaster pellucidus are confined to the Abyssal 
zone. Five species, Hymenaster pergamentaceus, Hymenaster echinulatus, 
Hymenaster infernalis, Hymenaster geometricus, and Hymenaster gibory,, 
occur in depths greater than 2000 fathoms. Hymenaster infernalis extends 
to 2900 fathoms, the greatest depth at which Asterids were dredged. by the 
Challenger. 


y. Nature of the Sea-bottom: The majority of the species are found on Globigerina 
ooze, viz., Hymenaster nobilis, Hymenaster formosus, Hymenaster sacculatus, 
Hymenaster carnosus, Hymenaster vicarius, Hymenaster celatus, Hymenaster 
crucifer, Hymenaster porosissimus, Hymenaster graniferus, Hymenaster cocci- 
natus, and Hymenaster precoquis; the last is also found on Diatom ooze. 
Hymenaster latebrosus is found on Diatom ooze. fymenaster pergamentaceus, 
Hymenaster pullatus, and Hymenaster membranaceus frequent Blue mud. 
Hymenaster echinulatus, Hymenaster infernalis, and Hymenaster geometricus 
live on Red clay. Hymenaster glaucus is found on Green mud. Hymenaster 
anomalus on Pteropod ooze. Hymenaster pellucidus is found on Biloculina 
clay, sandy clay, and Blue clay. 

The species dredged by the Challenger are indicated in the above list by an asterisk. 
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Chorological Synopsis of the Species. 


Ocean, | Range in Fathoms. | Nature of the Sea-bottom. 
| Hymenaster anomalus  . : Atlantic. 1425 Pteropod ooze. 
Hymenaster cexlatus . : i Southern. 1800 | Globigerina ooze. 
Hymenaster carnosus : : Pacific. 1500 Globigerina ooze. 
Hymenaster coccinatus  . : Southern. 1375 | Globigerina ooze. 
Hymenaster crucifer ; om Southern. | 1800 Globigerina ooze. 
Hymenaster echinulatus . | Pacific. 2335 Red clay. 
Hymenaster formosus : | Southern. 1800 Globigerina ooze. 
Hymenaster geometricus . 6 Pacific. 2335 Red clay. 
Hymenaster gibory? . c F Atlantic. 2214 os 
Hymenaster glaucus . : | Pacific. 565 Green mud. 
Hymenaster granijerus  . | Southern. 1375 | Globigerina ooze. 
Hymenaster infernalis . il Pacific. 2900 Red clay. 
Hymenaster latebrosus . 0 Southern. 1950 Diatom ooze. 
Hymenaster membranaceus : Atlantic. 1125 Blue mud. 
Hymenaster modestus : : Atlantic. 1098 to 1451 = 
Hymenaster nobilis . : : Southern. 1800 Globigerina ooze. 
Hymenaster pellucidus . ; Atlantic. 70 to 1539 | Clay (various kinds). 
Hymenaster pergamentaceus . Atlantic. 2650 Blue mud. 
Hymenaster porosissimus . Se Pacific. 1375 Globigerina ooze. 
Hymenaster precoquis . i Southern. 1375 to 1600 { ata tna 
Hymenaster pullatus : : Pacific. 1070 Blue mud. 
Hymenaster rex : ; ail| Atlantic. 601 to 1093 068 
Hymenaster sacculatus . : Southern. 1800 Globigerina ooze. 
Hymenaster vicarius : ° Pacific. 1375 Globigerina ooze. 


Synopsis of the Species included in the Genus Hymenaster. 


A, Adambulacral armature consisting of one spinelet. 
a. Paxille-crowns forming raised areas of membrane. Spiracula small, 


numerous, equidistantly spaced . : 5 5 5 ; : . nobilis, 
b. Paxille-crowns not forming raised areas. 
a. Spiracula single, large, uniformly spaced. . . jformosus. 
6. Spiracula in groups of six to ten, small, irregularly disuribated . pergamentaceus. 


B. Adambulacral armature consisting of two spinelets. 
a. Muscular fibrous bands of supradorsal membrane coherently reticulated. 
a. Paxille-crowns forming definite areas. Spinelets not prominent . sacculatus. 
6. Paxille-crowns not forming definite areas. Spinelets very prominent. 
a, Spinelets forming a raised keel over each radius. Spiracula 


large, single, distributed . : : 5 . . echinulatus. 
fB. Spinelets not forming a raised keel. Spiracula microscopic, 
in groups of ten or more . 5 2 : .  carnosus. 


b. Muscular fibrous bands of supradorsal membrane simply intoverossitig! 
a. Radial areas elevated in relief above the interradial tissue. Paxille 
with three spinelets . , c : . glaucus. 
6. Radial areas not elevated above the caeeacial Saeee Paxille 
with more than three spinelets. 
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a. Rays broad. Aperture-papille simple. 

1. Interbrachial arcs indented, defining broad lanceo- 
late rays. Spiracula numerous, large and con- 
spicuous. Spinelet-tips very prominent 

2. Interbrachial ares not indented; form pentagonoid. 
Spiracula few, small and inconspicuous. Spinelet- 
tips not prominent . . 

B. Rays attenuate. Aperture-papille comb- tiie: 
C. Adambulacral armature consisting of three spinelets. 
a. Muscular fibrous bands close, subdiffused, coherently reticulated. 
a, Paxille-crowns forming definite areas in relief. 
#, Paxillar elevations closely crowded. Spiracula uniformly 
distributed, not in lines. : ; & : 
B. Paxillar elevations widely spaced. ia confined to 
interspaces, arranged in lines 
b. Paxille-crowns not forming definite elevated areas. 
a Spines of the adambulacral armature partially webbed. 
Three pairs of secondary mouth-spines : 
B. Spines of the adambulacral armature not webbed. Two 
pairs of secondary mouth-spines. 

1. Meshes of supradorsal membrane irregular and not 
uniform. Spines of the adambulacral armature 
unequal . : . . c 

2. Meshes of supradorsal oven small and aioe 
Spines of the adambulacral armature equal - 

b. Muscular fibrous bands fine, definite, widely spaced, simply intercrossing. 
a. Supradorsal membrane with granular bodies . ° ° 
6. Supradorsal membrane devoid of granular bodies. 
a, Spines of the adambulacral armature long and needle-shaped 
B. Spines of the adambulacral armature short and compressed. 

1. Muscular fibres very numerous in supradorsal mem- 
brane. Webof the actinal floor with cross muscular 
fibres. Longest actino-lateral spine the 12th 

2. Muscular fibres not very numerous in supradorsal 

No muscular fibres in the web of the 
actinal floor, Longest actino-lateral spine the 17th 

D. Adambulacral armature consisting of more than three spinelets. 
a. Three or four spinelets in the adambulacral armature. Aperture-papille 
five to seven rayed, comb-like, large. One pair of secondary mouth-spines 
b. Three to five spinelets in the adambulacral armature. Aperture-papille 
simple, small and dumpy. Two or three pairs of secondary mouth-spines . 


membrane. 


vicariua. 
pellucidus. 


infernalis. 


calatus. 


crucifer. 


anomalus. 


latebrosus. 
porosissimus. 
grantferus. 


geometricus, 


pullatus. 


membranaceus. 


coccinatus. 


precoquis. 


1. Hymenaster nobilis, Wyville Thomson (Pl. LXXXVII. figs. 1-8). 
Hymenaster nobilis, Wyville Thomson, 1876, Journ? Linn. Soc. Lond. (Zool.), vol. xiii. p. 73, fig. 11 ; 


Voy. of Challenger, Atlantic, vol. 11. p. 238, fig. 48. 
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Marginal contour pentagonal, interbrachial ares very slightly indented, the margin 


forming a continuous curve of small degree from tip to tip. Rays not produced, and 


tapering very slightly beyond the natural angle of a pentagon. 


The minor radius js in 
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the proportion of 71 per cent. R=138 mm.; 7=98 mm. General form much depressed, 
slightly elevated in the centre of the abactinal area. Radial areas very conspicuously 
defined, the paxilla-spinelets being exclusively confined to those areas, which consequently 
appear to stand at a higher level than the wide interradial areas, which are destitute of 
spinelets and covered with a thick fleshy membrane. Actinal surface flat, the margins 
of the ambulacral furrows being rather tumid or convex. 

The supradorsal membrane is comparatively thin over the radial areas and rather 
parchment-like in appearance. The paxillee usually bear three spines, which are long, 
prominent, and arranged in triangles. Each spinelet raises the membrane into a sharp 
conical elevation, each maintaining its individuality, the subtriangular area in the centre 
of the paxillee-crown remaining, however, more or less elevated above the general level. 
The paxille are arranged in regular longitudinal lines along the rays, three on each side 
of the median line, which is left free. The spinelets that compose the crowns are like- 
wise remarkably uniform in disposition, two standing aboral to the third, which is opposite 
to their interspace ; the base of the triangular crown-area thus formed is consequently at 
right angles to the median line of the ray, and the apex is directed adorally. In the 
outermost row, however, on each side of a ray, this arrangement is more or less modified 
in consequence of lateral compression of the paxille-crowns,—these being more compact 
and with the spinelets less regular in their disposition. The oscular orifice is large and 
very conspicuous, and the valves are composed of about a dozen moderately long, rather 
fine spinelets, all of which are webbed together; the valves expanding fan-like when 
open form a prominent vertical wall to the orifice. The spiracula are small, very 
numerous, closely and equidistantly placed, occupying the whole interspace between 
adjacent paxillar-crowns. Very remarkable elongated tracts or lines of spiracula and an 
accompanying wrinkled membrane extend from the paxilliferous radial areas out upon 
the fleshy interradial membrane, which has the appearance of being inlaid with them. 
These lines are slightly curved, nearly equal in length to the half of the radial area, 
placed regularly parallel to one another, and directed at an angle inward in relation to 
the direction of the ray. 

The ambulacral furrows are broad, almost straight, and very slightly petaloid. The 
tube-feet are large and robust, arranged in simple pairs. The armature of the adam- 
bulacral plates consists of one rather short spinelet, invested with a wide membrane which 
extends beyond the tip as a saccular prolongation twice as long as the spinelet itself. The 
aperture-papille are large, fleshy, subspatulate or oval, occupying nearly the whole space 
between the bases of the actino-lateral spines. 

The mouth-plates form a broad rounded ridge at their line of junction, prominent 
aborally. Each plate bears one short secondary or superficial spine, with a wide investing 
sacculus, placed about midway on the surface of the plate, quite behind the mouth-spines, 
the pair being very widely separated. The mouth-spines, which are three in number, are 


3 


a 
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short, conical, placed on the margin of the lateral flange of the plate, and have saccular 
investments. 

The actino-lateral spines, which are about forty-five in number on each side of the 
furrow, are hidden in the thick fleshy tissue, and shallow channels or wrinkles traverse the 
membrane between each spine, which give a fluted appearance to the interradial area on 
the under side of the starfish. The longest spines are little more than the extreme breadth 
of the ambulacral furrow,—a wide space, greater at the margin than the length of the 
spines themselves, intervening in the interradial area between their extremities and those 
of the spines of the neighbouring ray. The spines are directed slightly backward (:.e., 
adorally in relation to the direction of the ray); and the series of those spines whose 
extremities terminate in the ray-margin diminish very rapidly in length. 

Colour in alcohol, abactinal surface greyish white, tinged with purple on the radial 
areas, the interradial areas and fringe being purplish grey. Actinal surface livid purple. 
Ambulacral tube-feet yellowish grey. 

Locality.—Station 158. South of Australia, 1099 miles south-west of Cape Otway. 
March 7, 1874. Lat. 50° 1’ 0” S., long. 123° 4’ 0” E. Depth 1800 fathoms. Globigerina 
ooze. Bottom temperature 33°°5 Fahr.; surface temperature 45°°0 Fahr. 

Remarks.—This species, which is by far the largest Hymenaster known, is distinguished 
by the single spinelet on the adambulacral plates, by the raised areas of the paxillae-crowns, 
and by the small, numerous, and equidistantly spaced spiracula. In the specimen above 
described, Sir Wyville Thomson ' states that “ there were one or two eggs in the pouch ; 
but they were apparently abortive. It seemed that the brood had been lately discharged ; 
for some oval depressions still remained on the floor of the central chamber, in which the 
eggs or the young had evidently been lodged. I have on three occasions found the eggs 
beneath the membrane in the angles of the arms, and, in a more advanced stage, congre- 
gated in the central tent, but never under circumstances such that I could keep and 
examine them; exposed or loosely covered eggs or embryos, or any soft and pulpy organs 
or appendages are always in a half disintegrated state when they are brought up from such 
great depths, if they are not entirely washed away.” 


2. Hymenaster formosus, Sladen (Pl. LXXXI. figs. 3 and 4; Pl. LXXXIII. figs. 4-6). 
Hymenaster formosus, Sladen, 1882, Journ, Linn. Soe. Lond. (Zool.), vol. xvi. p. 213. 

Marginal contour subpentagonal, interbrachial arcs very slightly indented, the minor 
radius being in the proportion of 73°6 per cent. R=19 mm.; r=14 mm. General 
form depressed, abactinal area rising slightly conoid in the centre. Radial areas not 
specially defined although to a certain extent indicated, the paxille-spinelets being con- 
fined to the rays and not encroaching on the median interradial portion of the membrane. 
Marginal fringe very narrow, faintly crenulated, tips of spmes rounded and thickened. 

1 Journ. Linn. Soc. Lond. (Zool.), vol. xiii. p. 75 ; Voy. of Challenger, vol. ii. p. 239. 

(ZOOL, CHALL, EXP,—PART LI.—1888,) 63 
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The supradorsal membrane is semitransparent, with closely and regularly reticulated 
fibrous bands, the bands (which are robust and massively coherent) forming definite meshes 
over the entire area. The disposition of the tendons is not in any definable relation to 
the spinelets. Hach mesh is filled up with a fine transparent tissue, in the centre of which 
is a single large spiraculum, surrounded by a conspicuous white ring. Consequent on 
the number and regularity of the meshes, the whole area is closely and uniformly covered 
with spiracula. 

The paxille are few in number and bear from three to five (or more) robust spinelets, 
which are well expanded and distributed pretty uniformly over the area, excepting the 
median interradial areas. ‘The rounded tips of the spinelets do not protrude, but simply 
elevate the supradorsal membrane into little rounded tubercles, which rise directly from 
the surface like warts, and, owing to their somewhat sparse distribution, impart a very 
characteristic appearance to the abactinal area of the starfish. Over the median portion of 
the rays and towards their extremities the tubercles are very much smaller in size and 
are more closely placed. A conspicuous subpentagonal ring of tubercles surrounds the 
centre of the disk at the base of the valves of the oscular orifice, the spinelets of fifteen 
paxillze contributing to its formation. The paxille stand at the base of each valve, one 
forming the actual support of the valve, and the other two being placed external to this, 
one on each side. Usually two of the spinelets of each of the outer pairs of paxille 
radiate outward and produce a very striking appearance on the abactinal area, as their 
whole outline and method of arrangement are perfectly discernible in consequence of the 
semitransparency of the membrane. The oscular orifice is of moderate size, the valves 
being subregular and closely reticulated. 

The ambulacral furrows, which are narrow, are more or less uniform in breadth except 
at the extremity, where they taper rapidly, and near the actinostome, where they are also 
constricted. The armature of the adambulacral plates consists of only one spinelet to each 
plate, which is comparatively long and cylindrical, and invested with membrane which 
develops a more or less extended sacculus at the extremity. The aperture-papillz are 
elongate, not tapering, nearly uniform in breadth, rounded at the extremity, almost as 
long as the spinelets on the adambulacral plates, and presenting a robust appearance in 
consequence of the investing membrane. 

The mouth-plates are comparatively small, short, and inconspicuous ; and the small 
secondary or superficial spine which stands on the median portion of each plate is 
moderately long and robust. The rest of the armature is indeterminable without damag- 
ing the specimen, in consequence of the extrusion of the stomach and other organs. 

The actino-lateral spines are regular and delicate, the twelfth from the mouth being 
longest. The spines preceding this one do not meet in the median interradial line, but 
are separated from those of the neighbouring ray by a uniformly narrow space, across which 
muscular fibres pass from side to side, uniting the tips of the corresponding spines on the 
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two sides. The tissue of the lateral web is thickened along the margin, especially over 
the extremity of each spine, to which it gives a rounded capitate appearance, the web 
having the very faintest trace of incurving between the spinelets. The thickening of the 
membrane just mentioned is much more pronounced in the arm-angle, where all indenta- 
tion of the web is obliterated and indications are present of a tendency to excrescent 
growth. A further faint line of thickening can be made out at the union of the abactinal 
and actinal tissues, which occurs just within the margin, especially round the shaft of the 
spines. 

Colour in alcohol, greyish white. 

Locality.—Station 158. South of Australia, 1099 miles south-west of Cape Otway. 
March 7, 1874. Lat. 50° 1’ 0” S,, long. 123° 40” E. Depth 1800 fathoms. Globigerina 
ooze. Bottom temperature 33°°5 Fahr.; surface temperature 45°:0 Fahr. 

Remarks.—Hymenaster formosus may be recognised at once by the small, uniform, 
rounded, and almost wart-like elevations on the abactinal surface ; and by the single, large, 
and uniformly spaced spiracula—a character which readily distinguishes it from the other 
species having only one spine in the adambulacral armature. 


3. Hymenaster pergamentaceus, Sladen (Pl. LXXXI. figs. 1 and 2; Pl. LXXXIII. 
figs. 1-3). 
Hymenaster pergamentaceus, Sladen, 1882, Journ. Linn. Soc. Lond. (Zool.), vol. xvi. p. 215. 


Marginal contour stellato-pentagonal ; interbrachial ares moderately indented, although 
the actual angle is masked by an abnormal development of the actino-lateral spines, which 
meet there and form a peak and an irregular excrescence of the web. The minor radial 
proportion is about 60°5 per cent. R=66mm.; r=40 mm. (approximately). The radial 
areas are well defined from the lateral fringe, and taper rapidly at the extreme tip to a 
fine, slightly produced extremity, which is recurved. The “fringe” is more or less irre- 
gular, owing to the thickening at the margin and abnormal growth, and is only slightly 
indented or festooned between the spinelets, the tips of which are rounded and thickened. 

The supradorsal membrane is thin, smooth, and vellum-like. The paxille are compa- 
ratively few in number and bear five to eight spinelets, which are robust and widely 
expanded. Although these are in a certain sense regular in their distribution over the 
area, no definite pattern of arrangement is produced. The extremities of the spinelets do 
not protrude through the membrane, but simply elevate it into small eminences; and 
owing to the thinness of the supradorsal membrane, the outlines of the spinelets which 
form each paxilla may be more or less clearly discerned. The rays are well defined, and 
no paxille-spinelets occur in the intermediate interradial portion of the lateral fringe, 
nor do any spinelets encroach upon a narrow clear space which runs down the median line 
of each radius. The fibrous bands are very numerous and closely massed together ; 
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indeed so great is their development that nearly all individuality of fascicular character is 
obliterated, and they appear to form a compact muscular tissue. In certain lines, how- 
ever, along the sides of the rays there seems to be a tendency towards a greater and more 
definite development of fibres in a lineal direction, parallel to the median line of the ray. 
‘The spiracula are very few in number, quite microscopic, and occur in little groups of six 
to ten which are widely and irregularly distributed. The oscular orifice is large, the 
valves when closed forming a cone of small elevation ; and the spines which compose them 
are somewhat irregular both in number and gradation in size. 

At the base of each valve is a rather close aggregation of paxillee whereby a more or 
less complete annulus is formed around the orifice ; and from each of the five groups in 
question proceed a number of spinelets, which radiate outward from the centre and consti- 
tute a conspicuous feature, 

The ambulacral furrows are very wide, subpetaloid, tapering to a fine extremity, and 
constricted slightly near the actinostome. The armature of the adambulacral plates con- 
sists of only one spine to each plate, which is long, cylindrical, tapering to a fine point, 
and placed on a small process projecting into the furrow. The aperture-papillee are elon- 
gate, covered with a very widely expanded membrane, imparting an acumino-spatulate 
form. 

The mouth-plates are long and thin, the pair having the appearance of being pressed 
together laterally, projecting aborally in a prominent rounded keel, and sloping off 
somewhat ploughshare-like towards the mouth. ‘Two spinelets similar to the general 
adambulacral armature, only perhaps rather shorter, stand on the superficies of each plate, 
one on the sloping curve leading to the adoral margin, and the other aboral to this and 
more outward in relation to the median suture-line of the plates. These spinelets appear 
greatly modified both in character and position as compared with the usual robust 
secondary spinelets of the genus. ‘The mouth-spines are represented by two spinelets, 
similar in all respects to the spines of the adambulacral armature, only rather shorter, 
placed on the horizontal margin of each plate, and close up to the junction with the first 
adambulacral plate. 

The actino-lateral spines are very long, the longest being about the fifteenth from the 
mouth. On the inner part of the ray they are comparatively delicate when regard is had 
to the size of the specimen, increasing, however, in robustness as they proceed along the 
ray, those near the angle and the sueceeding ones being strong and thick. The spines 
reach quite up to the median line of the interradial area; indeed in the outer half they 
pass beyond and overlap, whilst the longest spines which fall in the interbrachial are are 
much longer than the distance between the median interradial line and the margin of the 
furrow. In consequence a prominent outward peak is produced in the place of the angle, 
the web being much contorted, and an abnormal growth not unfrequently takes place, 
which produces an unsightly excrescence, as well as an irregular thickening of the tissue. 


REPORT ON THE ASTEROIDEA. 501 


The outer extremities of the actino-lateral spines are not pointed, but rounded ; and the 
web tissue is scarcely indented. Owing to the abnormal growth both of spines and 
tissues in the interbrachial arc, and the tension produced thereby, the majority of the 
spines at the extremity of the ray are made to radiate inward towards the angle, and the 
web appears considerably stretched. 

Colour in alcohol, yellowish grey. 

Locality.—Station 325. Off the coast of South America, east of Buenos Ayres. 
March 2, 1876. Lat. 36° 44’ 0” S., long. 46° 16’ 0” W. Depth 2650 ‘fathoms. Blue 
mud. Bottom temperature 32°°7 Fahr.; surface temperature 70°°8 Fahr. 

Remarks.—This species is characterised by the peculiar parchment-like appearance of 
the supradorsal membrane ; and may be recognised by the presence of only a single spine 
in the adambulacral armature and by haying very small spiracula, which are arranged in 
groups and irreeularly distributed. 


4. Hymenaster sacculatus, Sladen (Pl. LXXXYV. figs. 1-3; Pl. LXXXVI. figs. 7-9). 
Hymenaster sacculatus, Sladen, 1882, Journ, Linn. Soc. Lond, (Zool.), vol. xvi. p. 217. 


Marginal contour stellato-pentagonoid ; interbrachial indentations small ; rays usually 
recurved abactinally, making the abactinal area deeply concave, the actinal being convex. 
Minor radial proportion 66°6 per cent. R= 42 mm.; r= 28 mm. Rays tapering 
somewhat sharply at the extremities; marginal fringe distinct and well developed. 

The supradorsal membrane is thick and coriaceous in appearance. The papille are 
numerous, and have crowns with rarely more than four or five spinelets, which are promi- 
nently protrusive of the membrane—that portion lying between the tips of each individual 
crown being thick, devoid of spiracula, and forming a slightly distended saccular area. 
Thick bands of tissue, with fibres, radiate between the crowns, and the narrow interspaces 
are occupied by numerous small spiracula, generally three or four, or even more, in line 
together, separated only by very fine, thin dissepiments. The oscular orifice is large ; 
the valves, five in number, are regular, and form when closed a compact exactly fitted 
pyramid, which rises as a small cone in the centre of the concave abactinal area. The 
spinelets of the valves are of moderate length, thickly webbed, and with numerous 
spiracula in the interspaces. 

The ambulacral furrows are moderately wide and very uniform in breadth, except 
towards the extremity, where they taper rapidly, and near the mouth, where they are 
also somewhat constricted. The armature of the adambulacral plates consists of two 
spines of moderate length, but with a very long sacculate investing membrane, the pairs 
standing slightly oblique to the median line of the ray. The aperture-papille are large, 
thickly invested, subspatulate, and slightly constricted near the outer third. 

The mouth-plates are elongate, largely keeled, prominent aborally, and each plate 
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bears two short, thick, dumpy, secondary or superficial spines. One near the adoral 
extremity, and the other, of similar size and character, standing behind it, about midway 
on the surface of the plate. There are four small, short, conical mouth-spines on the lateral 
margin of the plate, ranged serially above and behind the anterior pair of spines just 
mentioned, and interlocking with the corresponding spines of the neighbouring mouth-angle. 

The actino-lateral spines are numerous and very closely placed, the longest spine 
being far out upon the ray,—a much greater number being included within the inter- 
brachial are than usual. About forty spines stand on each side of the ray, the twentieth or 
twenty-first from the mouth being the longest. The spines within the disk are compara- 
tively short and uniform in length, and do not quite meet in the median interradial line ; 
muscular fibre, however, may frequently be seen underlying the outer tissue, passing from 
the tips of the actino-lateral spines to the corresponding ones of the neighbouring ray. In 
the immediate arm-angle, however, the spines are longer than the space between the angle 
and the furrow; so that a considerable overlap takes place, and a consequent puckering 
and deformity of the tissue ensues, which appears to develop frequently into an unsightly 


excrescence. The spinelets succeeding to the long ones decrease very rapidly in size towards 
the extremity of the ray. 


Colour in alcohol, brownish white or grey. 

Locality—Station 158. South of Australia, 1099 miles south-west of Cape Otway. 
March 7, 1874. Lat. 50° 1’ 0” S., long. 123° 4’0” E. Depth 1800 fathoms. Globi- 
gerina ooze. Bottom temperature 33°°5 Fahr.; surface temperature 45°-0 Fahr. 

Remarks.—This species may be distinguished from Hymenaster cxlatus, which it 
resembles in some respects, by the two large sacculated spines in the adambulacral arma- 
ture; and by the fact that the spiracula are confined to the interspaces between the raised 
areas of the paxillee-crowns, and are not distributed over the area of the crown as well, as 


in Hymenaster celatus. The colouration, the form of the aperture-papille, and the form 
of the mouth-plates are also different. 


5. Hymenaster echinulatus, Sladen (P]. LXXXIL figs. 1 and 2; Pl. LXX XIII. figs. 7-9). 
Hymenaster echinulatus, Sladen, 1882, Journ. Linn. Soc. Lond. (Zool.), vol. xvi. p. 218. 


Marginal contour pentagonoid. Interbrachial arcs moderately indented, the minor 
radius being in the proportion of 72°7 per cent. = 22mm.;7=16 mm. The rays are 
sharply tapered at the extremity, although when seen from above the angles of the 
pentagon have the appearance of being well rounded, in consequence of the outspreading 
and graceful curve of the marginal fringe; this is nipped together laterally at the 
extreme tip, and a slight upward continuation of the furrow is produced thereby. Form 
depressed, abactinal area slightly conoid, interradial spaces considerably sunken. 

The supradorsal membrane is thick and opaque, with very robust broad muscular 
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fibrous bands, closely but irregularly reticulated, the interspaces being small, usually 
oval, and each occupied by a single spiraculum. The paxille are rather widely spaced, 
the tips of the spinelets forming prominent little conical peaks or elevations of the mem- 
brane, which on certain parts of the area conform themselves to a regular definite order of 
arrangement. A regular curved row or ridge of these spinelets stands on each side of the 
median line of the ray, forming a petaloid elevated area, which corresponds with the 
position of the underlying ray, and imparts a very characteristic facies to the species. A 
prominent circle surrounds the oscular orifice, marking out in a subpentagonal outline the 
place of the attachment of the valve-spines. The oscular valves are five in number, com- 
posed of rather short radiating spines, forming regular triangular fans, the web which unites 
them being reticulated in a similar manner to the rest of the supradorsal membrane, the 
valves when closed forming a prominent pyramidal peak in the centre of the disk. The 
reticulated supradorsal membrane reaches close up to the margin of the lateral fringe. 

The ambulacral furrows are distinctly petaloid. The armature of the adambulacral 
plates consists of two rather short spines placed side by side well up in the furrow, and 
forming a straight line parallel thereto. The spines of a pair radiate slightly apart 
from one another in the plane of their position, and each is covered with a thick semi- 
transparent membrane which is somewhat expanded opposite the outer third of the spine, 
imparting thereby an elongate subspatulate form, the adoral spine of a pair having a more 
robust appearance than its companion. The aperture-papille are small and short, suboval 
in form on the inner portion of the ray, but becoming more elongate as they recede from 
the mouth. 

The mouth-plates are small, with a strongly developed ridge at the line of junction, 
and a prominent peak aborally. Each plate bears two short, robust, conical secondary 
surface-spines, one placed near the adoral extremity, and the other about midway along 
the ridge; both spines are nearly equal in length, not longer than the spines of the 
adambulacral armature, very wide at the base, and tapering to a blunt extremity, faintly 
bowed outward and the tip approximated to the tip of the corresponding spine on the 
companion plate. There are three small mouth-spines ; two situated at the extreme outer 
portion of the lateral margin, and one more inward. 

The actino-lateral spines are about twenty-four in number on each side, the eighth or 
ninth from the mouth being longest. The spines anterior to this are included within the 
disk, their extremities reaching almost but not quite up to the median interradial line. 
The succeeding spines diminish in length gradually as they proceed outward, and even 
towards the extremities remain comparatively long in comparison with those of the other 
members of the genus. The actino-lateral spines are very robust and taper slightly to 
the tips, which project well beyond the membrane, and give the appearance of a sharply 
indented margin. ‘The web of the actino-lateral spines, which also forms the actinal floor, 
is made up of very thickly packed, fine, delicate, crossing fibres. 
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Colour in alcohol, light-brown above, pure white beneath. 

Locality.—Station 286. In the Mid-South Pacific, near the meridian of 135° W., 
approximately midway between Sydney and Valparaiso. October 16, 1875. Lat. 33° 
29’ 0” S., long. 133° 220” W. Depth 2335 fathoms. Red clay. Bottom temperature 
34°°8 Fahr.; surface temperature 63°°0 Fahr. 

Remarks.—Hymenaster echinulatus is remarkable for the large peak-like prominences 
formed by the paxille-spinelets elevating the supradorsal membrane; it is also distin- 
guished by the two large, often unequal spinelets in the adambulacral armature, and by 
the deeply festooned marginal fringe. 


6. Hymenaster carnosus, Sladen (Pl. LXXXVIII. figs. 1-5). 
Hymenaster carnosus, Sladen, 1882, Journ. Linn. Soe. Lond. (Zool.), vol. xvi. p. 220. 


Marginal contour substellate ; interbrachial ares well defined, the minor radius in the 
proportion of 59°2 per cent. R=103 mm.; r=60 mm. Rays tapering regularly to the 
extremity. Abactinal area slightly convex, rising somewhat conoid in the centre; rays 
rather roundly arched. Actinal area flat or convex. A narrow, thick, fleshy, conspicuous 
fringe surrounds the entire margin. 

The supradorsal membrane is thick, fleshy, and opaque. The paxillee-spinelets are 
uniformly and closely distributed over the whole area, protrude greatly, and are covered 
with membrane, which gives them the appearance of broad-based, robust, conical thorn- 
lets, about 3 or 4 mm. in height, springing from the general surface. They are very 
uniform in size; and no definite order of arrangement is perceptible, nor is it possible to 
distinguish the individual crowns to which the spinelets belong. A more or less homo- 
geneous muscular layer overspreads the whole area ; and no specialised bands or fibres are 
superficially apparent. The spiracula are quite microscopic, and confined to small round 
groups, containing two or more very closely crowded together, placed in the hollow inter- 
spaces between the spinelets, and the whole quite invisible to the naked eye. The oscular 
orifice, which is large, has broad valves, squarely truncate at the extremity and all webbed 
together, the prominent thorn-like spinelets above mentioned marking out a circle at 
their bases of attachment 24 mm. in diameter. 

The ambulacral furrows are wide (8°5 mm.), nearly uniform in breadth until near the 
extremity, where they gradually contract. The tube-feet are numerous and closely 
crowded, but maintain the resular biserial arrangement. The armature of the adam- 
bulacral plates consists of two long, needle-shaped spinelets, placed side by side, in line 
with the margin of the furrow, or the very slightest trace oblique. The adoral spinelet is 
somewhat the longer, and both are invested with an extensive saccular membrane 
extending beyond the extremity, often to a length equal to that of the spinelet itself. 
The aperture-papille are moderately large, elongate, and suboval. A fleshy thickening 


REPORT ON THE ASTEROIDEA, : 505 


or pad is developed on the surface that fits over the aperture, upon which it closes like 
a valve. 

The mouth-plates are of moderate size ; widely expanded laterally, the keel along the 
junction being well developed, prominent aborally, and with a rather produced peak 
adorally. Two secondary or superficial spines are present on each plate—one near the 
adoral extremity, the other shorter and more robust, midway on the plate and with a 
wide-flaring investment. It is a question whether the anterior pair ought not, from 
their position, to be ranked with the true mouth-spines. Mouth-spines proper three or 
four in number, acicular, and placed on the margin of the lateral flange. 

The actino-lateral spines are closely placed, and entirely hidden in the thick fleshy 
membrane with which the actinal interradial areas are uniformly covered ; fifty to sixty 
spinelets are present on each side of the ray. 

Colour in alcohol, purplish grey on the abactinal surface, pinkish purple on the actinal 
surface. 

Locality.—Station 295. Off the west coast of South America. November 5, 1875. 
Lat. 38° 7’ 0” S., long. 94° 4/0” W. Depth 1500 fathoms. Globigerina ooze. Bottom 
temperature 35°°3 Fahr.; surface temperature 58°°5 Fahr. 

Remarks.—Vhis is a large form, approaching [ymenaster nobilis in size, which it also 
resembles in its fleshy habit. In Hymenaster carnosus, however, the paxillee-crowns do 
not form definite areas, and the spinelets are large and spike-like ; the spiracula are very 
minute and arranged in groups; and there are two spinelets in the adambulacral 
armature, 


7. Hymenaster glaucus, Sladen (P]. LXXXIV. figs. 1 and 2; Pl. LXXXVI. figs. 4-6). 
Hymenaster glaucus, Sladen, 1882, Journ. Linn. Soc. Lond. (Zool.), vol. xvi, p. 221. 


Marginal contour stellato-pentagonal. Interbrachial ares well indented, forming a 
distinct angle, except in very large specimens, where the web has become somewhat 
overgrown, and abnormally thickened. Minor radial proportion from 68 to 76 per 
cent. R=46 mm.; r=35 mm. The rays taper to a fine extremity and the web is 
rather full on the margins, and somewhat irregular in consequence. General form very 
depressed. On the abactinal surface the radial areas are well marked out, distinct from 
the fringe and interradial membrane, by a regular linear arrangement of paxilla-spine- 
lets, the radial areas being elevated above the general surface. The pseudo-sides of the 
rays are short and perpendicular ; the rays themselves having the appearance of standing 
in relief above the superficies of the marginal and interradial webs, tapering to a fine 
point, and maintaining their distinctness up to the very extremity. The lateral web or 
fringe is largely developed, and, being rather full, is in consequence somewhat irregular. 

The supradorsal membrane is furnished with very numerous muscular fibres, which 
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radiate from the tips of the spinelets and pass to those standing in close proximity around, 
the bands crossing at various angles, overlying and underlying one another, and forming 
an interlacing tissue rather than a truly reticulated structure. The spiracula, which are 
moderately large, are irregularly placed and not numerous. The paxillee seldom have 
more than three spinelets, which are usually aggregated close together and especially so 
along the median line of the ray and at the extremity, forming a crown of small expansion. 
Towards the disk the spinelets are more widely spaced; and the paxille, which form the 
pseudo-sides of the ray, are disposed in a perfectly straight line, no stragglers encroaching 
on the web or interradial area. 

The oscular aperture is large aud conspicuous; the valves are regular and formed of 
comparatively few spinelets, seldom more than a dozen in each. The outer margin of the 
oscular ring is very strikingly marked out by short, prominently protruding, pointed 
spinelets, excentrically directed, very regularly disposed, and from the tips of which the 
membrane hangs in graceful folds. 

The ambulacral furrows are moderately broad, sublanceolate in outline, fairly uniform 
in width except near the mouth where they are constricted, and along the outer fifth 
where they taper rapidly up to the extremity. The armature of the adambulacral plates 
consists of two short, acicular, pointed spinelets, covered with membrane which forms a 
moderately developed terminal sacculus. In some specimens this appears to be much 
more developed in the adoral spine of the pair than in the aboral, which seems frequently 
to be smaller than the other. The aboral spine is also placed higher in the furrow than 
the adoral. The aperture-papille are large, and with their investment, broadly lanceolate 
or acumino-spatulate in form. 

The mouth-plates are short and rather broad, the aboral prominence being blunt and 
well rounded. Hach plate bears two very short, robust, stumpy secondary or superficial 
spines, the adoral one (which is placed forward on the plate) being shorter even than the 
mouth-spines proper, but much more robust. The mouth-spines proper, which are four 
or five in number on each plate, are rather long, fine, and nearly equal in length. 

The actino-lateral spines are robust and well-spaced, the fourteenth or fifteenth from 
the mouth being longest. None meet in the interradial median line, not even the longest, 
the space being filled in with fleshy membrane. 

Colour in alcohol, dirty white in large specimens, greenish grey in those of smaller 
§1Ze. 

Locality.—Station 235. Off Japan, south of Omae saki. June 4, 1875. Lat. 
34° 7’ 0" N., long. 138° 0’ 0” E. Depth 565 fathoms. Green mud. Bottom temperature 
38°:1 Fahr.; surface temperature 73°°0 Fahr. 

Remarks.—Hymenaster glauwcus may be readily distinguished by the conspicuously 
defined radial areas raised in relief above the rest of the abactinal surface, by the paxill 
with three spinelets, and by the character of the supradorsal membrane. 
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8, Hymenaster vicarius, Sladen (Pl. LXXXIV. figs. 3 and 4; Pl. LXXXVI. 
figs. 1-3). 
Hymenaster vicarius, Sladen, 1882, Journ. Linn. Soc. Lond. (Zool.), vol. xvi. p. 223. 

Marginal contour subpentagonal. Interbrachial arcs well indented, the minor radius 
being in the proportion of 69°2 per cent. R=39 mm.; 7=27 mm. The lateral fringe is 
more or less distinct, and its margin forms a line that curves outwards after passing the 
middle of the ray, adding greatly to the appearance of its breadth; the margin then 
suddenly contracts and emphasises the rapid tapering of the ray at the extremity. 

The supradorsal membrane is thin and papyraceous in appearance. The muscular 
fibres are numerous and irregular, rather thick, closely placed, and radiate from the 
tips of each spinelet to those around, thus forming an interlacing web with moderately 
large meshes of rhomboid or quadrate form. ‘The interspaces are filled in with transparent 
membrane, punctured in the centre by a spiraculum; these are moderately large, well 
spaced, and uniformly, though irreeularly, distributed over the abactinal area. The 
paxillaee are numerous, and composed of four, five, or six spinelets, rather short and 
pointed, their tips elevating the membrane into small pointed papille, which are very 
evenly spaced over the abactinal area and appear to rise sharply from the surface, 
whilst their small size and comparative closeness of position give an easily recognisable 
character to the starfish. 

The ambulacral furrows are moderately broad, lanceolate in outline, and taper rather 
rapidly before they reach the extremity, which is in consequence somewhat produced. 
The armature of the adambulacral plates consists of two rather short, cylindrical, and 
pointed spines, covered with an extensive investing membrane which forms an elongate 
sacculus at the tip, and also adds greatly to the apparent robustness of the spinelets. 
The aperture-papillz are large, acumino-spatulate, wide and rotund at the base, and often 
contract rapidly to a point at the free extremity, or may be simply rounded. 

The mouth-plates are small, elongate, narrow, keeled, and prominent aborally. Hach 
bears two short robust secondary surface-spines, one near the adoral extremity, and the 
other placed more aborally near the middle of the plate. The horizontal margins of the 
plate falling into the actinostome are expanded into a rather wide flange, upon the 
edge of which are situated four or five short cylindrical mouth-spines, slightly curved and 
rounded at the tips, but not tapering. 

The actino-lateral spines are delicate, those included within the disk being short and 
not reaching up to the median interradial line, but leaving a rather wide space. The 
longest spine is about the fifteenth from the mouth, but even these do not meet in the 
interbrachial are, where a considerable amount of thickening and deformity of the mem- 
brane occurs. ‘The tips of the spinelets are rather tapering, and not thickened or knobbed. 
The margin of the web is slightly thickened, not indented or festooned. 
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Colour in alcohol, white, tinged with yellow, where the membrane is thickened in the 
interbrachial ares. The tube-feet are yellow. 

Locality.—Station 300. Off the coast of South America, between the Island of Juan 
Fernandez and Valparaiso. December 17, 1875. Lat. 33° 42’ 0” S., long. 78° 18’ 0” W. 
Depth 1375 fathoms. Globigerina ooze. Bottom temperature 35°°5 Fahr. ; surface tem- 
perature 62°°5 Fahr. 

Remarks.—Hymenaster vicarius has a somewhat parchment-like supradorsal mem- 
brane, the delicate spinelets of the paxille elevating it into small pointed peaks, the 
spinelets being often very prominent ; this appearance is emphasised by the delicacy of the 
membrane, which allows a considerable portion of the spine to be visible. This pseudo- 
spinous character and the broad lanceolate rays serve to distinguish the species from its 
congeners. 


9. Hymenaster pellucidus, Wyville Thomson (Pl. LXXX. figs. 1-5). 

Hymenaster pellucidus, Wyville Thomson, 1873, The Depths of the Sea, p. 120, fig. 16. 

Locality.—‘* Porcupine” Expedition : 

Station 59, 1869. In the Faerde Channel. Lat. 60° 21’ N., long. 5° 41’ W. Depth 
580 fathoms. Bottom temperature —1°°3 C. ; surface temperature 11°°5 C. 

Remarks.—This species has been so fully and carefully described by Drs. Danielssen 
and Koren’ that it would be superfluous to redescribe the single example which is at my 
disposal. As, however, this is the type speclimen—and of some importance historically— 
I have given drawings of it, which will probably not be without interest. 

Hymenaster pellucidus was dredged during the Norwegian North Atlantic Expedition 
at a number of stations off the Coast of Norway, off the Island of Jan Mayen, off Spitz- 
bergen, and in the intermediate seas, the most northerly station being in lat. 80° 3’ N., 
the depths ranging from 70 to 1539 fathoms. 


10. Hymenaster infernalis, Sladen (P]. LXXXVII. figs. 4-7). 

Hymenaster infernalis, Sladen, 1882, Journ. Linn. Soc. Lond. (Zool.), vol. xvi. p. 224. 

Marginal contour substellate ; interbrachial arcs well indented and somewhat angular, 
the minor radius being in the proportion of 43 per cent. R=28 mm.; r=12 mm., 
approximately. Rays broad at the base, but greatly attenuated outwardly. General 
form depressed. 

The supradorsal membrane is very thin. The paxille have long pedicles surmounted 
by eight to ten elongate delicate spinelets. The muscular fibres, which are extremely 
fine and thread-like, are rather numerous, and radiate from the tips of the spinelets, which 


" Den Norske Nordhavs-Expedition, 1876-1878, Zoologi, xi. Asteroidea, 1884, p. 72, pl. xiii. figs. 1-17, 
pl. xv. figs. 7 and 8. 
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are more or less prominent, suggesting the character of the same structure in Hymenaster 
pullatus, the fibres, however, being much more delicate and less numerous. The spinelets 
which form the valves of the oscular orifice are rather robust. 

The ambulacral furrows are narrow. The armature of the adambulacral plates consists 
of two long and needle-shaped spines, placed slightly oblique to the line of the furrow. 
The innermost aperture-papilla is very large and comb-formed, composed of radiating 
shafts. The adambulacral plates are elongate. 

The mouth-plates have a prominent and rather angular keel along the line of juncture, 
and bear two short and moderately robust superficial or secondary mouth-spines, the ante- 
rior pair close to the adoral margin. Several (three or more) mouth-spines are present on 
the margin of the lateral expansions. 

The actino-lateral spines are short, robust, and placed wide apart, the sixth or seventh 
from the mouth being longest; the character along the free portion of the ray is inde- 
terminable. The actinal membrane is furnished with numerous fine muscular fibres. 

Locality.—Station 244. In the Mid-North Pacific, between Yeddo and San Francisco, 
near the meridian of 170° E. June 28, 1875. Lat. 35° 22’ 0” N., long. 169° 53’ 0” E. 
Depth 2900 fathoms. Red clay. Bottom temperature 35°°3 Fahr.; surface temperature 
70°'5 Fahr. 

Remarks.— Unfortunately this delicate specimen has been so shattered and distorted that 
its present state of preservation will not admit of a satisfactory description. This difficulty 
of study is the more to be regretted as the form is one of the deepest dwelling Asterids 
obtained during the Expedition. The characters above enumerated are sufficient, how- 
ever, to indicate that the species under notice is clearly distinct from any other in the 
group. The attenuation of the rays, the number and delicacy of the paxillee-spinelets, 
and the characters of the actinal surface readily distinguish the form. On these grounds I 
have considered it advisable to establish the species, although loth to do so on such im- 
perfect material. 


11. Hymenaster cexlatus, Sladen (Pl. LXXXYV. figs. 4 and 5; Pl. LXXXVI. figs. 
10-12). 
Hymenaster cxlatus, Sladen, 1882, Journ. Linn. Soc. Lond. (Zool.), vol. xvi. p. 225. 

Marginal contour stellato-pentagonoid. Interbrachial arcs sharply indented, the minor 
radius being in the proportion of 63°3 percent. R=30 mm.; 7r=19 mm. The abactinal 
area is concave, the rays being curved upward and their extremities recurved and quite 
turned over. Actinal area very convex. The radial areas are well marked out, the 
lateral margins converging gradually to the tip, which is not attenuated or produced. A 
secondary membrane extending beyond the actino-lateral spines forms a conspicuous 
fleshy fringe. 


The supradorsal membrane is rather thick. The paxillee are composed of four or five 
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spinelets, forming regular crowns, which elevate the membrane into rhomboid or penta- 
gonal areas, apparently raised in relief, and closely placed, the margins of the raised areas 
being more or less incurved, and the intervening spaces deep and furrow-like. The muscular 
fibres are closely interwoven, the bands ill-defined, and the meshes irregular ; the spiracula 
are small, and frequently two or more together, this structure being uniform over elevated 
areas and interspaces alike. The tips of the paxille-spinelets are only slightly protube- 
rant ; the relief-areas which fall in the margin of the ray are smaller, more compressed, 
and somewhat modified in form as compared with the others. About seven longitudinal 
rows of elevated areas or paxillze-crowns may be counted at the base of a ray. 

The oscular orifice is small, the circumference at the base of the valves pentagonal, 
9°25 mm. in diameter, and marked out by spinelets. There are five valves, which are 
very regularly triangular, with their apices sharply pointed, and all webbed together, the 
whole forming a regular pyramid when closed. The innermost two spines of each valve 
stand somewhat apart, and the membrane is rather deeply drawn in between, producing 
a well-defined furrow along the median line. The projecting tips of spinelets are pro- 
minent at the sides of the valves. At the base of each valve are two large elevated areas, 
formed by paxillee-crowns of six to eight spinelets, and thus nearly twice the size of the 
other crowns upon the abactinal surface ; they are subpentagonal in shape, and the ten 
form a conspicuous and well-defined circlet round the oscular pyramid. 

The ambulacral furrows are rather wide, straight, uniform in breadth, except at 
the extremity, where they rapidly converge. The armature of the adambulacral plates 
consists of three very short, cylindrical, slightly tapering spines, covered with membrane, 
and placed in line oblique to the furrow. 

The aperture-papille are large and subcircular, with their investing membrane some- 
what Japanese fan-shaped. The calcareous portion of the papillze is very flaring in habit, 
sometimes appearing as if made up of a comb of radiating spinelets. 

The mouth-plates are small, short, but broad, and with widely expanded lateral flanges, 
broadly rounded in front; the keel along the line of junction is feebly developed, the 
aboral extremity being only slightly prominent. ‘Two secondary or superficial spines are 
borne on slight tubercles, one near the adoral extremity and the other near the middle of 
the plate. These spines are short, comparatively small, broad at the base, and taper slightly 
at the tip,—the adoral pair being rather the smaller and not much larger than the spines 
on the adambulacral plates. There are three mouth-spines, which are similar in size and 
form to the adambulacral spines, arranged on the lateral margin of the plate and away 
from the adoral peak of the keel. 

The actino-lateral spines are widely spaced, the difference in the length being com- 
paratively small along the inner two-thirds of the ray. About twenty-seven spines are 
present on each side of a ray, the sixth or seventh from the mouth being slightly longest. 
None of the spines meet in the median interradial line, but are widely separate; they 
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are covered with a thick fleshy tissue, which is slightly turned over the tips of those 
spinelets that fall beyond the summit of the interbrachial arc, and extends up to within a 
short distance of the extremity of the ray, gradually diminishing in breadth as it pro- 
ceeds outwards. The margin of this supplementary fringe is thickened, and furnished 
with a powerful muscular band. 

Colour in alcohol, a rather livid pink, the ambulacral furrows and tube-feet being a 
yellowish white. 

Locality.—Station 158. South of Australia, 1099 miles south-west of Cape Otway. 
March 7, 1874. Lat. 50° 1’ 0” S, long. 123° 4’ 0” E. Depth 1800 fathoms. Globi- 
gerina ooze. Bottom temperature 33°'5 Fahr.; surface temperature 45°:0 Fahr. 

Remarks.—This exceedingly handsome species is characterised by the definitely raised 
areas of the paxillee-crowns. A similar structure occurs in Hymenaster sacculatus, but is 
not so strikingly developed. The two species may be readily distinguished by the structure 
of the supradorsal membrane, by the disposition of the spiracula, by the armature of the 
adambulacral plates, and by the general form. The colour also is different. 


12. Hymenaster crucifer, Sladen (Pl. LXXXIX. figs. 1 and 2; Pl. XCI. figs. 1-3). 
Hymenaster crucifer, Sladen, 1882, Journ. Linn. Soc. Lond, (Zool.), vol. xvi. p, 227. 


Marginal contour subpentagonal. Interbrachial arcs very slightly indented, the minor 
radius being in the proportion of 66°6 per cent. R=51 mm.; 7=34mm. Rays tapering 
to a-fine extremity, which is somewhat attenuated and produced. Marginal fringe com- 
paratively insignificant as seen from above, and narrowing rapidly towards the extremity 
of the rays. Form depressed, more convex on the actinal than on the abactinal surface. 

The supradorsal membrane is rather thin; the muscular fibres are numerous, thick, and 
radiate regularly from the tips of the spinelets. The paxille are numerous, though 
somewhat widely spaced, and bear a crown of four or sometimes five spinelets, which 
usually elevate the membrane into slightly raised Maltese cross-shaped areas. The spinelets 
are sharply prominent, and the fibres for a short distance round the tip are merged together 
and form a homogeneous “cap ;” the caps of each of the spinelets of a crown coalesce, and 
thus produce the subcruciform or rhomboid elevation above mentioned. ‘The paxille are 
well spaced, and are arranged in longitudinal lines along the rays. No spiracula occur on 
the raised areas, but in the intermediate spaces they are very numerous and closely placed, 
the intervals between the thick radiating bands being very narrow, and occupied by a 
great number of small spiracula placed close together in lines, four to eight or even more 
in each, and separated from one another by only the finest dissepiment. The numerous 
spiracula and the isolated unpunctured cruciform areas give a striking character to the 
abactinal surface. The oscular orifice is large, the valves all webbed together, and the 
spinelets quite hidden in membrane, the whole of which is uniformly punctured with a 
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great number of small spiracula not quite so closely placed as those on the disk, and not 
arranged in lines. 

The ambulacral furrows are rather widely petaloid, and rapidly constricted at the 
extremity. The armature of the adambulacral plates consists of three short spines, nearly 
uniform in length, pointed, and covered with a membrane expanded into a lanceolate 
shape, but with no terminal saccular prolongation. Each series of spines is placed diago- 
nally upon its plate, or oblique to the line of the furrow. The aperture-papille are large 
and broadly subspatulate or even subrhomboid, expanded somewhat obliquely, the pedicle 
seeming to be attached rather on one side. The mouth-plates are rather broad, prominent 
aborally, and have five or six short mouth-spines attached to the lateral aliform extensions, 
and directed horizontally. Two short, robust, subconical secondary mouth-spines are borne 
on the superficies of each plate—one near the adoral extremity, and the other, which is 
thickest, placed midway between this spine and the aboral extremity of the mouth- 
plate. 

The actino-lateral spines are long and well spaced, about forty on each side of a furrow, 
the eleventh or twelfth from the mouth being longest. The spines within the disk do not 
quite meet in the median interradial line, and those along the outer third of the ray 
diminish in length very rapidly; they are, however, rather irregular in their length 
throughout, which gives a ragged appearance to the fringe. The spines are pointed at 
their extremities, and the web is very slightly indented between. 

Colour in alcohol, yellowish grey. 

Locality.—Station 158. South of Australia, 1099 miles south-west of Cape Otway. 
March 7, 1874. Lat. 50° 1’ 0” S., long. 123° 4’ 0” K. Depth 1800 fathoms. Globigerina 
ooze. Bottom temperature 33°°5 Fahr.; surface temperature 45°°0 Fahr. 

Remarks.—Hymenaster crucifer is distinguished, as its name implies, by the peculiar 
eross-like markings formed by the paxille-crowns. A further characteristic feature is 
furnished by the general structure of the supradorsal membrane and the lineal disposition 
of the spiracula. 


13. Hymenaster anomalus, Sladen (Pl. LXXXIX. figs. 3 and 4; Pl. XCI. figs. 4-6). 
Hymenaster anomalus, Sladen, 1882, Journ. Linn. Soc. Lond. (Zool.), vol. xvi. p. 228. 


Marginal contour stellato-pentagonal. Interbrachial ares wide and rather sharply 
and angularly indented, the minor radius being in the proportion of 63 to 65 per cent. 
R=15 mm.; r=9°5 mm., approximately. Rays subtriangular in outline, and tapering 
to a fine extremity. Form very depressed, only slightly elevated in the centre of the 
disk. Marginal fringe quite inconspicuous when seen from above. 

The supradorsal membrane is furnished with uniformly thick fibrous bands, closely 
reticulated, the network exhibiting a certain incipient regularity of construction. The 
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meshes or interspaces are large and equidistant, and a more or less distinct grouping 
round centres is distinguishable, where the fibres become massed together—these thickened 
portions corresponding usually with the tips of the spinelets, upon which they form a cap. 
Six to eight bands usually radiate from these centres; and if the plan just indicated were 
regularly carried out, an arrangement of more or less distinctly hexagonal compound 
meshes, divided by fibres radiating from their centre, would be produced—one primary 
mesh around each spinelet, and secondary meshes within this formed by each of the 
radiating fibres. This disposition of reticulation, however, is by no means regular, as 
numerous supplementary meshes and centres occur. The meshes are usually circular, 
oval, or subtriangular in outline, and are filled in witha fine semitransparent membrane 
punctured in the centre with a minute spiraculum, which is surrounded by an opaque 
whitish ring. The supradorsal membrane and its system of reticulated fibres extends almost 
up to the extreme edge of the lateral frmge. The tips of the paxillee-spines produce slight, 
uniform, rounded elevations of the membrane, distributed over the whole abactinal area, 
to which they give a papillose or coarsely granulated appearance when seen by the naked 
eye. The oscular orifice is small, the circumference at the base of the valves being circular 
and well marked out. The spines of the valves are webbed together by an investing mem- 
brane, with reticulated fibres, into five regular, triangular fans, the margins overlapping 
and, when shut down, completely closing the oscular orifice. 

The ambulacral furrows are lanceolate, scarcely, if at all, expanded in the middle, and 
gradually tapering to the extremity. The armature of the adambulacral plates consists of 
three short spinelets, placed obliquely—the two outermost standing at almost right angles 
to the furrow, the innermost, which is slightly smaller, being placed rather in advance of, 
or aboral to, these latter. The spines are invested with an extensive transparent mem- 
brane, and frequently two, or even all the three, are webbed together. When single, the 
covering gives them a broadly lanceolate shape. The aperture-papille are very small and 
elongately oval in form. 

The mouth-plates are small, the pair forming a prominent though narrow ridge. Each 
plate carries three very robust, blunt, secondary superficial spinelets placed in line along each 
side of the keel, the anterior pair near the adoral extremity, and the posterior pair near the 
aboral extremity of the mouth-plate. They differ slightly in size, the adoral being smallest 
and the aboral largest. On the horizontal margin of each plate are two mouth-spines, the 
innermost pair immediately above the anterior secondary spinelets, of which series they 
seem to form a continuation, being directed downward and centripetally. The aboral pair 
of secondary spinelets are directed centrifugally. The second or outer mouth-spine is 
very much smaller and placed away from the inner mouth-spine, somewhat isolated on 
the margin of the plate, and is directed horizontally. 

The actino-lateral spines are about twenty-one on each side (of fairly large ones only 
eighteen), the sixth from the mouth being longest ; this and all the spines preceding it 
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join close up in the median interradial line with the corresponding spine of the neigh- 
bouring ray, whilst the succeeding spines diminish by regular steps. ‘The spines are 
tapering and pointed. The membrane is made up of very fine fibres. The margin is very 
slightly festooned between the tips of the spines. 

Colour in alcohol, white ; the ambulacral furrows and the tube-feet being yellowish 
brown. 

Locality.—Station 335. North of the Island of Tristan da Cunha. March 16, 1876. 
Lat. 32° 24’ 0” S., long. 13° 5’ 0” W. Depth 1425 fathoms. Pteropod ooze. Bottom 
temperature 37°°0 Fahr. ; surface temperature 73°°5 Fahr. 

Remarks.—This species differs from all other members of the genus by the remarkable 
character of the armature of the adambulacral plates and of the mouth-plates. The super- 
ficial appearance of the abactinal area is also exceedingly ornate and characteristic. 


14. Hymenaster latebrosus, Sladen (Pl. XCII. figs. 4 and 5; Pl. XCIII. figs. 7-9). 
Hymenaster latebrosus, Sladen, 1882, Journ. Linn. Soc. Lond. (Zool.), vol. xvi. p. 230. 


Marginal contour substellate. Interbrachial arcs sharply indented, the minor radius 
being in the proportion of 63°6 per cent. R=22 mm.; r=14 mm. _Interbrachial ares 
acute. Rays broad and subtriangular, with their margins gracefully curved outward. 
General form depressed ; abactinal surface over the rays more or less bombous ; radial areas 
not specially defined. Supradorsal membrane continuous up to the margin ; lateral fringe 
narrow, regular, and sharply indented. 

The supradorsal membrane is fine and semitransparent. The paxillee-spinelets are 
uniformly distributed over the entire area, but present no definite order of arrangement. 
The paxillee are composed of few spinelets, four or five being the general number. The 
muscular fibres are numerous and closely, though rather coarsely and irregularly, reticu- 
lated (intercrossed). The interspaces are filled in with a delicate semitransparent mem- 
brane, punctured with spiracula, usually one to a mesh, and consequently rather widely 
spaced. The oscular orifice is comparatively small, the valves lying almost level with the 
surface of the supradorsal membrane. 

The ambulacral furrows are moderately broad, and subpetaloid in outline, tapering 
gradually to the extremity along the outer third of the ray, and slightly constricted 
towards the actinostome. The armature of the adambulacral plates consists of three short, 
cylindrical spines rapidly tapering to a fine point, and covered with thin membrane. 
Each series is placed high in the furrow, and very oblique to the median line of the ray ; 
the aboral spinelet is much smaller than the other two, of which the adoral is slightly the 
longest. The aperture-papillee are small and oval or subcircular in form, and are some- 
times expanded laterally to such an extent that the breadth is greater than the length. 

The mouth-plates are comparatively small and short ; the keel is prominent, having a 
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rhomboid outline when seen from above, and inclined upward into the mouth cavity, with 
rather widely expanded lateral flanges, which are straight and square in front. Each plate 
bears two robust secondary spines, one on the middle of its surface, standing in the lateral 
angle of the rhomb, and another comparatively smaller and thinner placed nearer the 
adoral extremity. The mouth-spines proper are represented by three small tapering 
spinelets placed on the lateral margin of each plate. 

The actino-lateral spines are robust and of moderate length, the seventh to the ninth 
from the mouth being longest. The spines of two adjacent rays do not quite meet in 
the median interradial line, a little narrow channel or wrinkle of the membrane being 
maintained between their tips. The spines diminish regularly in length after the angle 
is passed until they become microscopic at the end of the ray ; they are pointed at their 
outward extremities, and the web being well indented between gives a serrate appearance 
to the margin. 

Locality.—Station 157. In the Southern Ocean, near the meridian of 110° E. 
March 38,1874. Lat. 53° 55’ 0” S., long. 108° 35’ 0” E. Depth 1950 fathoms. Diatom 
ooze. Bottom temperature 32°°1 Fahr.; surface temperature 37°°2 Fahy. 

Remarks.—Hymenaster latebrosus may be distinguished by its general form, by the 
structure of the supradorsal membrane, and by the armature of the adambulacral plates. 
I know of no species for which it could be mistaken. 


15. Hymenaster porosissimus, Sladen (Pl. LXXXII. figs. 3 and 4; Pl. LXXXIII. 
figs. 10-12). 


Hymenaster porosissimus, Sladen, 1882, Journ. Linn. Soc. Lond. (Zool.), vol. xvi. p. 231. 


Marginal contour subpentagonal. Interbrachial arcs scarcely indented, forming simply 
a slight curve inward. The minor radius is in the proportion of 75°5 per cent. R = 45 
mm.; 7 = 34mm. The rays do not taper beyond the extent of a true pentagon, and are 
slightly rounded at the extremity, which is somewhat feebly upturned. 

The supradorsal membrane is very uniformly reticulated; the muscular fibres are so 
closely and regularly placed that their radiation from the spinelet-tips as centres is 
scarcely apparent ; the meshes are very small and regularly placed, each with one small 
spiraculum. 

The paxillze-spinelets, which are three, four, or five in number, and evenly spaced, are 
rounded at the tips, very slightly prominent, and produce a uniformly papillate appearance 
on the abactinal area, no general pattern of arrangement being discernible. The crowns 
of a great number of the paxille form a more or less distinctly visible Maltese cross, in 
consequence of two prominent fibres joining the tips of the opposite spinelets. The oscular 
orifice is moderately large ; the circumference at the base of the valves being very clearly 
marked out by prominent spinelets. The valves are triangular, five in number, and form 
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a regular pyramid ; the whole series are webbed together with a membrane closely punc- 
tured with spiracula like the rest of the supradorsal membrane, and there are two or three 
prominent spinelets projecting along the sides of each valve. 

The ambulacral furrows are rather wide, subpetaloid, or gracefully lanceolate. The 
armature of the adambulacral plates consists of three short, delicate, slightly tapering 
spines, nearly equal in length, and covered thinly with membrane, but with no saccular 
extension present. ach series is placed slightly oblique to the median line of the ray. 
The aperture-papillze are large and squarely oval, with a thick plump sacculus, and are 
attached close up to the outer extremity of the diagonal series of spinelets on the adam- 
bulacral plates. 

The mouth-plates are very elongate and remarkably narrow, the pair together forming 
a prominent, elevated rounded ridge, which is tapering and roundly pointed at each ex- 
tremity. Near the adoral extremity of each plate stands a single, rather large spine, 
subconical, and becoming attenuated towards the extremity, but not pointed. These 
spines are directed horizontally over the peristome, the pair in each mouth-angle diverg- 
ing slightly apart from one another and away from the median line of the mouth-plates ; 
these are the anterior pair of secondary mouth-spines, placed unusually forward, From 
the superficies of each mouth-plate, and about one-third from the inner or adoral extremity, 
rises a second, robust, subconical, and moderately long spinelet, directed downward and 
slightly inward. Both these pairs of secondary or superficial spinelets are about equal in 
length to the spinelets on the adambulacral plates, but are more robust, the aboral being 
stouter but rather shorter than the companion pair. The mouth-spines, which are four or 
five in number, are short, subcylindrical, thickened at their bases, placed on the margin of 
the plates, and directed horizontally. These spines are much smaller and shorter than 
the secondary or superficial spines above noted, and are attached to a wide lateral exten- 
sion or flange of the mouth-plate. 

The actino-lateral spines are long and rather widely spaced, the longest being about 
midway out on the ray (the eleventh from the mouth); about forty in all are present. The 
spines within the disk come nearly up to the median interradial line, but do not meet. 
The spines whose free extremities fall in the marginal fringe diminish gradually and with 
regularity up to the extremity, the last few maintaining, however, a nearly uniform 
length, which gives a rounded appearance to the fringe at the ray-tips. The actino- 
lateral spines are finely pointed at their extremities, and the web-membrane is moderately 
indented between them; the marginal fringe is perfectly even and recular, forming a 
conspicuous marginal border when seen from the upper surface, although the reticulated 
supradorsal membrane is continued close up to the margin. 

Colour in alcohol, greyish white. 

Locality.—Station 300. Off the coast of South America, between the Island of Juan 
Fernandez and Valparaiso. December 17, 1875. Lat. 33° 42’ 0” S., long. 78° 18’ 0” W. 
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Depth 1375 fathoms. Globigerina ooze. Bottom temperature 35°°5 Fahr.; surface 
temperature 62°'5 Fahr. 

Remarks.—This species may be recognised by the remarkably uniform character of 
the small rounded elevations on the supradorsal membrane, and by the great number and 
regular arrangement of the spiracula. The armature of the adambulacral plates and of 
the mouth-plates also furnish conspicuous features by which the species may be distin- 
guished. 


16. Hymenaster graniferus, Sladen (Pl. XC. figs. 1 and 2; Pl. XCI. figs. 7-9). 
Hymenaster graniferus, Sladen, 1882, Journ. Linn. Soc. Lond. (Zool.), vol. xvi. p. 233. 


Marginal contour almost pentagonal, the interbrachial ares being very slightly in- 
curved. ‘The rays are more or less attenuated or produced at the extremity, which is 
upturned ; and their effect on the contour is consequently inconspicuous. Minor radial 
proportion about 69 to 73 per cent. R=30 mm.; r=22 mm. The radial areas are not 
specially defined externally from the rest of the abactinal surface. Lateral fringe or web 
thickened at the margin and little conspicuous. 

The supradorsal membrane is delicate. The paxillze-spinelets, which are delicate, and 
have fine sharp extremities protruding well through the supradorsal membrane, are evenly 
distributed over the area, but present no definite pattern of arrangement. The fibrous 
bands, which are rather thin but clearly defined, are comparatively few in number, well 
isolated, and radiate not only to those spinelets which form the immediate circle, but 
some also pass through the interspaces and reach to the spinelets beyond. In this manner 
a more or less irregular and very open network is produced, in which, however, a tendency 
to an interpenetrant hexagonal pattern is discernible as the general plan here and there ; 
and the whole is overlaid by a very delicate semitransparent membrane, in which a number 
of small, round, closely placed granule-like bodies occur. ‘The spiracula are small and 
sporadically placed ; very frequently two or even three occur together in the mesh, but 
the groups are well isolated, and the apertures by no means numerous. ‘The oscular 
orifice is large and closed with five regular valves which fit evenly together, each with 
about a dozen spines, the innermost two being longest, and the others diminishing regu- 
larly and gradually, the articulatory base being prominent. 

The ambulacral furrows, which are narrow, are much constricted towards the actino- 
stome and at the extremity of the ray. The armature of the adambulacral plates con 
sists of three acicular spinelets, which are unequal in length and rather short, placed 
in line parallel to the median line of the furrow, excepting towards the extremity, 
where the series becomes rather oblique. The aboral spine is almost abortive, and the 
middle one less than the adoral spine of the trio; this latter is invested with a widely 
expanded sacculus, which makes the spine appear many times thicker than its companion 
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and nearly twice as long, the large sacculus usually taking a pointed or sublanceolate 
form, whilst the small investment of the abortive aboral spine is generally rounded and 
somewhat knobbed. The aperture-papille are remarkably large and elongately oval, and 
are, with their membrane, acumino-spatulate in shape, and much broader than the sacculated 
spinelets on the adambulacral plates, and often nearly as long. 

The mouth-plates are short and comparatively broad, with widely expanded lateral 
flanges. No prominent keel is formed along the line of junction, which is flatly rounded. 
Two robustly clothed, rather short, obtuse secondary or superficial spines are present on 
each plate, one near the adoral edge, the other near the middle of the plate, both maintaining 
a wide space between their corresponding spines on the adjoining plate. About four 
mouth-spines proper stand on the horizontal margin of each plate, which are moderately 
long, very wide at the base, and sharply tapering, the external one sometimes being 
reduplified. 

The actino-lateral spines are delicate, well spaced, and the longest is about the fifteenth 
from the mouth ; none meet in the interradial line, but are widely separate even at the 
summit of the interbrachial arc; the spines vary but little in length up to this point, 
but diminish very rapidly beyond. 

Colour in alcohol, white. 

Locality.—Station 146. Between Marion Island and the Crozet Islands. December 
29, 1873. Lat. 46° 46’ 0” &., long. 45° 31’0” E. Depth 1375 fathoms. Globigerina 
ooze. Bottom temperature 35°°6 Fahr.; surface temperature 43°:0 Fahr. 

Remarks.—Hymenaster graniferus is a very distinct form, characterised by the pre- 
sence of granular bodies in the supradorsal membrane, by the simplicity of the muscular 
fibres in the membrane, by the paucity of the spinels, and by the armature of the 
adambulacral plates and mouth-plates. 


17. Hymenaster geometricus, Sladen (Pl. XCII. figs. 2 and 3; Pl. XCIII. figs. 4-6). 
Hymenaster geometricus, Sladen, 1882, Journ. Linn. Soc. Lond. (Zool.), vol. xvi. p. 234. 


Marginal contour substellate. Interbrachial arcs well rounded, the minor radius being 
in the proportion of 52°3 per cent. R=42mm.; r=22mm.,approximately. Rays greatly 
attenuated and tapering, with the fringe almost, if not quite, aborted towards the ex- 
tremities. Abactinal surface uniformly flat. Actinal surface prominently convex. 

The supradorsal membrane is thin and semitransparent, supported by extremely 
delicate thread-like fibres, which form a regular pattern upon the disk. Usually six 
fibres proceed from the tip of each paxilla-spinelet, and pass to the tips of the neigh- 
bouring spinelets; as these are all equidistant, it follows that a series of regular 
interpenetrant hexagons is produced. The fibres are all of uniform length, and do not 
cross over or under one another as in Hymenaster pullatus. The spaces marked out or 
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bounded by the fibres form regular triangular meshes, and enclose several small spiracula, 
generally three to five in number. Sometimes the fibres are doubled, and the tips of the 
spinelets protrude prominently. 

The valves of the oscular orifice are not conspicuous, the general tissue of the supra- 
dorsal area just described being apparently continued up to the extremities of the valves, 
whilst their bases of attachment, which are usually well marked out by spinelets on 
prominent bosses, are indistinguishable in the present example. 

The ambulacral furrows are rather narrow, and not petaloid. The armature of the 
adambulacral plates consists of three long and needle-shaped spines placed in line parallel 
to the median line of the ray, the adoral spine being longer than the breadth of the 
furrow. The aperture-papill are of moderate size and subquadrate, or rather elongate in 
shape, when invested with membrane. 

The mouth-plates are short, with wide lateral flanges; the keel along the line of 
junction very prominent aborally. There are five or six mouth-spines on each plate, 
which are moderately long and subacicular, the middle one being longest ; the innermost 
one ought perhaps to be ranked as a secondary or superficial mouth-spine, although similar 
in form and serial in position to the true mouth-spines. Midway on the superficies of 
the plate and well away from the median keel is a longer and slightly more robust 
secondary spinelet, similar in character to the rest of the armature. 

The actino-lateral spines are very wide apart, and there are probably not more than 
twenty on a side, although the rays are so long; the fourth or fifth spine from the mouth 
is longest; these and the preceding spines, which are included within the disk, all 
converge towards the interbrachial arc instead of running parallel to one another as in 
nearly all the species of this genus. 

Locality.—Station 286. In the Mid-South Pacific, near the meridian of 135° W., 
approximately midway between Sydney and Valparaiso. October 16, 1875. Lat. 33° 
29’ 0” S., long. 133° 22’ 0” W. Depth 2335 fathoms. Red clay. Bottom temperature 
34°°8 Fahr. ; surface temperature 63°°0 Fahr. 

Remarks.—Hymenaster geometricus is distinguished by the great attenuation of the 
rays, and by the remarkable regularity in the disposition of the muscular fibres in its 
supradorsal membrane. These characters, irrespective of any other points of structure, 
are sufficient to distinguish this form from the other species of Hymenaster. 


18. Hymenaster pullatus, Sladen (Pl. XCII. fig. 1; Pl. XCIII. figs. 1-3). 
Hymenaster pullatus, Sladen, 1882, Journ. Linn. Soc. Lond. (Zcol.), vol. xvi. p. 235. 

Marginal contour more decidedly stellate than pentagonoid. ‘The interbrachial ares 
appear to have been well rounded, with the minor radius probably in the proportion of 
about 57 per cent. R=35 mm.; r=about 20, but the specimen is unfortunately so much 
damaged in each of the interbrachial arcs that it is impossible to give the smaller dimen- 
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sion exactly. Rays well produced, fine and tapering at the extremities. Abactinally the 
centre of the disk is elevated into a sharp conoid, and the rays are prominently arched. 

The supradorsal membrane is very delicate. The spinelets of the paxille, which are 
prominently projecting, very delicate, and tapering towards their extremity, are distributed 
regularly at uniform intervals apart over the whole abactinal area. Numerous very fine 
thread-like fibrous bands pass between the tips of the spinelets, crossing over and under 
one another, but not merging or forming a coherent reticulated structure. The fibres are 
not tightly stretched between the tips of the spinelets, but slope downward at a high 
angle like slackened ropes round a tent-pole; in consequence of this and of their great 
prominence the spinelets appear to superficial examination to stand like well-spaced 
conical prickles upon the abactinal area. The oscular orifice is of moderate size, the outer 
margin (from which the valves take their rise) being marked off by prominent sharp 
spinelets into a pentagon, 9°5 mm. in diameter, the angles opposite to the rays. The 
valves are very regularly subtrianeular, composed of ten to twelve radiating spines, and 
when closed form a pyramidal peak in the centre of the disk. 

The ambulacral furrows are narrow and deeply sunken, constricted near the mouth, 
widest about the outer third, and then sharply tapering to the extremity. The armature 
of the adambulacral plates consists of three short, stout, tapering, compressed spines, placed 
in line oblique to the direction of the furrow, and also to the horizontal plane of the 
ray. The adambulacral spines are quite hidden in the furrow, not webbed together, but 
probably invested with a rather long membrane. The aperture-papille are large and 
squarely oval. 

The mouth-plates are somewhat broad, short, and almost perpendicular in position ; 
the keel is flattened. Hach plate bears two short, thick, secondary or superficial spinelets, 
the aboral ones being the most robust. One mouth-spine stands above the innermost 
secondary, and another, much smaller, is placed isolated on the horizontal lateral margin 
of the plate. 

The actino-lateral spines, which are twenty-seven or perhaps about thirty in number, 
are robust at the extremity of attachment, but very delicate and tapering outwardly, and 
do not meet in the interradium. 

Colour in alcohol, dark purple, with the fibrous bands on the abactinal surface white, 
which gives a very elegant effect. The ambulacral tube-feet are very dark purple, almost 
black, with white tips. 

Locality.—Station 218. Off the north coast of New Guinea, south-west of the 
Admiralty Islands. March 1, 1875. Lat. 2° 33’ 0” S., long. 144° 4/0” E. Depth 1070 
fathoms. Blue mud. Bottom temperature 36°°4 Fahr.; surface temperature 84°-0 Fahr. 

Remarks.—The structure of the supradorsal membrane, the form and armature of the 
mouth-plates, and the presence of cross muscular fibres in the web of the actinal floor, 
serve to distinguish this species from its congeners. 
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19. Hymenaster membranaceus, Wyville Thomson (Pl. XCII. figs. 6 and 7; PI. 
XCIII. figs. 10-12). 
Hymenaster membranaceus, Wyville Thomson, 1877, Voy. of Challenger, Atlantic, vol. i. p. 108 
(name only). 
Hymenaster membranaceus, Sladen, 1882, Journ. Linn. Soc. Lond. (Zool.), vol. xvi. p. 237. 

Marginal contour subpentagonal. Interbrachial ares wide and flat, the minor radius 
in the proportion of 62 per cent. or less. R=35 mm. approximately ; r=22 mm, Rays 
very narrow and tapering on their outer portions. Abactinal area almost flat. Actinal 
area slightly convex, but deeply incurved along the median interradial lines. 

The supradorsal membrane is thin and transparent, with a great number of thin 
fibrous muscular bands extended between the tips of the paxille-spinelets, passing from 
one to each of those in the vicinity and crossing one another in all directions, but without 
merging or forming a reticulated tissue in the true sense of the word. 

The tissue is semitransparent, with a few isolated spiracula here and there. The 
tips of the spinelets produce slight prominences, but there is no massing of the tissue 
or the fibres upon their extremities, which are consequently quite sharp and little con- 

‘spicuous. The oscular orifice is very large, the outer or basal circumference measuring 
12°5 mm. in diameter. Hach valve is composed of at least ten radiating spines, their 
bases of articulation forming a prominent semicircular boss in each radius. 

The ambulacral furrows are narrow and deep, scarcely petaloid, although much 
narrower near the mouth and rapidly tapering at the extremity ; the adambulacral plates 
are high. The armature of the adambulacral plates consists of three very short, stout, 
slightly tapering and slightly compressed spines, placed high in the furrow, each series 
standing in line slightly oblique to the median line of the ray, and oblique also to the 
horizontal plane of the furrow, the innermost spine being’ highest up in the furrow 
and most aboral. The spines are not webbed. The aperture-papillee are very large, and 
covered with widely expanded membrane, which gives them a squarely oval or sub- 
quadrate shape, often with a slight peak. 

The mouth-plates are rather small, sloping upward into the mouth, their aboral extremity 
being tilted downward; a prominent keel occurs along the line of junction, and the 
internal peak is rounded and very little produced. Each mouth-plate carries two 
secondary or superficial spines: one short, dumpy, obtuse, compressed, standing on the 
surface of the plate at about one-third the distance from the adoral extremity, and 
directed somewhat outward and away from the mouth; the other, rather longer but 
much less robust, placed quite at the adoral extremity, and rather geniculated sideways ; 
in fact this spinelet might almost be ranked as a mouth-spine proper, except that it stands 
at a slightly lower level and more on the plate itself. On the horizontal margin of the 
plate, and situated on the widely expanded lateral flange, are four or five small compressed 
mouth-spines, very much smaller than those just described, and similar to the spines on 
the adambulacral plates, only smaller in size. 
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The actino-lateral spines, although long, do not meet in the interradium; indeed the 
abactinal and actinal membranes coalesce, apparently normally, in the outer portion of the 
median interradial line, thereby forming a partition in the interradial chamber. The 
spines which come near the interbrachial margin are much thickened and knobbed at 
their extremity ; indeed all of them are more or less so except the most outward of all. 
There are about thirty-two to thirty-six actino-lateral spines, the fifteenth to seventeenth 
from the mouth being longest; beyond this they diminish very rapidly in size. 

Colour in alcohol, white. 

Locality—Station I. South-west of Cape Finisterre. December 30, 1872. Lat. 
41° 58’ 0” N., long. 9° 420” W. Depth 1125 fathoms. Blue mud. 

Remarks.—Hymenaster membranaceus bears some superficial resemblance to 
Hymenaster pullatus, but the forms may be readily distinguished by the character of the 
supradorsal membrane, by the form and armature of the mouth-plates, by the shape of the 
aperture-papille, and by the structure of the web of the abactinal floor. 


20. Hymenaster coccinatus, Sladen (Pl. XC. figs. 3 and 4; Pl. XCI. figs. 10-12). 
Hymenaster coccinatus, Sladen, 1882, Journ. Linn. Soc. Lond. (Zool.), vol. xvi. p. 238. 


Marginal contour stellato-pentagonoid. Interbrachial arcs well rounded. Rays tapering 
to a fine point, with their lateral margins almost straight. Minor radial proportion 55°5 
per cent. R=18 mm.; r=10 mm. Form very depressed, slightly convex and rising in 
the centre. No definite marginal fringe present. 

The supradorsal membrane is very fine; the muscular fibres are thin, filiform, and well 
defined, forming a rather wide and rectangular reticulation resembling to a large degree 
the venation of certain leaves more than the characteristic intercrossing of fibres radiating 
from the neighbouring spinelets which is generally noticeable throughout the genus. 
This peculiarity arises from the frequent bifurcations, bendings, and sudden terminations 
to which the fibres are subject, which, together with the presence of small secondary 
fibres, modify the normal arrangement of radiation from tip to tip, this being after all 
the principle of the disposition of this structure even in the species under notice. The 
meshes are filled in with an almost hyaline tissue, punctured with two, three, or even more 
small spiracula, each surrounded with a definite white ring. The spinelets of the paxillee 
are not numerous, and are but slightly protuberant, the tips being covered with a little 
cap of membrane, which gives them a rather knobby appearance. ‘The oscular orifice 
is moderately large, its outer circumference at the base of the valves being well defined 
by a pentagonal outline formed of thickened or fibrous tissue. The five valves are regular 
and triangular, with about eight spines in each ; the whole serics are webbed together, and 
form a very slightly elevated pyramid when closed. 

The ambulacral furrows, which are wide and open, are very slightly petaloid opposite 
the commencement of the outer third, and rather rapidly constricted towards the tip. 
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The armature of the adambulacral plates consists of four (but often towards the extremity 
only three), short, delicate, acicular, and well-spaced spines. Three stand on the 
margin of the plate parallel to the furrow, the aboral being the smallest and the adoral 
nearly twice as long. The fourth spine, which is equal in length to the last-named, 
or even longer, is placed close to it, but on the outer side and away from the furrow. 
These two spines are present throughout the ray, and maintain this position. The 
three marginal spines are usually stretched horizontally over the furrow, but the fourth 
spine is almost perpendicular, and frequently radiates at an angle outward (away) from 
the furrow. The spines are covered with an investing membrane, which in the three 
marginal spines is expanded towards the tip and gives them a claviform appearance, the 
most adoral one of the three being more robust than the others ; in the fourth or outward 
spine the investment is even more developed, and the covered spine presents a somewhat 
more lanceolate shape than those just referred to. The aperture-papille are very singular in 
form, and consist of a comb of about five to seven radiating spinelets springing from a 
common base, the central spinelet being straight and much longer than the others, which 
are curved, the two outer ones forming together a regular semicircular span, and the rest 
radiating within this curve, at gradually lessening angles of divergence from the central 
spinelet. The investing membrane by which the papilla is covered owes its form in a great 
measure to this skeleton. It is ovate or oblate basally, with an elongate acicular promi- 
nence in its outward prolongation. Near the extremity of the ray this central shaft of the 
papilla is greatly lengthened, being little shorter than the lateral spines. 

The mouth-plates are short, but extraordinarily broad, the lateral flanges being developed 
to anabnormal extent. The keel at the junction is feebly represented, only flatly rounded, 
slightly prominent aborally, the adoral peak being well developed. One moderately robust, 
short, conical spinelet, very wide at the base, sharply pointed, and covered with membrane, 
is placed near to the adoral extremity of each plate, and rather above the actual margin. 
No other secondary or superficial spine is present. There are three mouth-spines, about 
equal in size to the spines of the adambulacral armature, placed on the extreme outer 
portion of the lateral flange, and sometimes the outer one is doubled. 

The actino-lateral spines are delicate and well spaced. Sixteen are present on each 
side of a ray, the third or fourth from the mouth being usually the longest, and the rest 
gradually diminishing in size as they approach the extremity of the ray. 

Colour in alcohol, abactinal surface white, with the faintest shade of pink ; actinal 
surface scarlet ; ambulacral tube-feet’ white. 

Locality.—Station 146. Between Marion Island and the Crozet Islands. Decem- 
ber 29, 1873. Lat. 46° 46’ 0” S.; long. 45° 31’ 0” E. Depth 1375 fathoms. Globi- 
gerina ooze. Bottom temperature 35°°6 Fahr.; surface temperature 43°°0 Fahr. 

Remarks.—The almost venated character of the disposition of the muscular fibres in 
the supradorsal membrane, the peculiar character of the armature of the adambulacral 
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plates, the remarkable structure of the aperture-papillee, and the widely expanded and 
simply armed mouth-plates in Hymenaster coccinatus, apart from its rich colouration, 
readily distinguish the species from all other forms. 


21, Hymenaster precoquis, Sladen (PI. XC. figs. 5 and 6; Pl. XCI. figs. 13-15). 
Hymenaster precoquis, Sladen, 1882, Journ. Linn. Soc. Lond. (Zool.), vol. xvi. p. 240. 


Marginal contour subpentagonal. Interbrachial arcs very feebly incurved, the rays 
slightly attenuated at their extremities. Minor radial proportion 65 per cent. R=10mm. ; 
r=6°5 mm. The abactinal surface forms a uniform convex curve of low elevation, the 
membrane arching over from margin to margin, and the radial areas being in no way 
specially defined externally. No lateral fringe present. Actinal surface flat. 

The supradorsal membrane is very fine and semitransparent. The muscular tissue is 
very feebly developed, no definite series of fibrous bands being present, although under 
considerable magnification the existence of aggregated fibres may be discerned. The 
spiracula are comparatively large, numerous, and equally distributed, surrounded by a 
conspicuous white ring. The paxille are large, robust, closely placed, and usually sur- 
mounted with five (sometimes six or seven) spinelets, which are thick and widely expanded 
from the pedicle. The spinelets do not taper at their extremities, but expand somewhat, 
and are flaring, elevating the membrane very slightly. The paxille are clearly visible 
through the transparent membrane, and about nine longitudinal rows may be counted 
across the base of the ray. The oscular orifice is small, with the spines of the valves 
long and slightly tapering. 

The ambulacral furrows are narrow and lanceolate, maintaining a nearly uniform 
breadth till near the extremity. The armature of the adambulacral plates consists of three 
to five rather long, delicate, and acicular spines, arranged on the plate in a semicircular 
curve when the larger number are present—three usually being on the margin of the 
furrow, and the two adoral ones standing successively more outward (away from the 
furrow) on the plate. These two obliquely placed spinelets maintain their position 
throughout the rays, and any diminution which takes place in the number towards the 
extremity is manifest in the marginal or aborally placed members of the series. The most 
aboral spine is rather shorter than the others, which are nearly uniform in length, and 
each of them is invested with a very thin membrane, and no sacculus is produced. The 
first adambulacral plates (nearest the mouth) bear only two spines, and these sometimes 
are webbed together. 

The aperture-papillee are small and dumpy, the calcareous portion being little more 
than twice (or at most three times) as long as broad, and very frequently this is bulged 
out somewhat at the side. The papilla is not free as usual in this genus, but is clothed 
with the general tissue of the actinal area, the aboral lateral margin alone being free and 
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forming the actual lip of the segmental aperture as in Pteraster, the papilla being fixed 
close up to the spine, aboral to it, and slants rather obliquely in consequence. 

The mouth-plates are small, short, narrow, both plates elevated prominently rather 
than forming a true keel at the junction ; aboral extremity gently rounded, not prominent. 
Each plate bears two large, robust, conical secondary or superficial spinelets, which are 
longer than the plates themselves, taper to a fine point, and owing to the breadth of their 
bases occupy nearly the whole of the length of the short plate. These spines stand perpen- 
dicularly to the superficies of the plates, the aboral pair radiating rather wider apart and 
more outward than the adoral pair. The mouth-spines, which are two (or three?) in 
number, are delicate, pointed, rather wide apart, and placed on the lateral margin of the 
plates opening into the actinostomial circle. 

The actino-lateral spines are comparatively robust and well spaced, sixteen or seventeen 
are present on each side of the ray, the fifth from the mouth being longest; they are 
slightly tapered at their extremity, and just protrude beyond the margin, which is feebly 
festooned between. 

Colour in alcohol, greyish white, nearly transparent. 

Variation.—In a specimen from Station 147, four seems to be the normal number of 
spinelets in the adambulacral armature, the adoral one being relatively smaller, and the 
transverse tendency of the series upon the plate being even more marked than in the 
specimen from which the above description is taken. In this specimen (from Station 147) 
an additional pair of superficial secondary mouth-spines is present, making three pairs, 
and the innermost pair of mouth-spines proper are nearly as large as the adoral pair of 
secondaries. 

Localities.—Station 146. Between Marion Island and the Crozet Islands. December 
29, 1873. Lat. 46° 46’ 0” S., long. 45° 31’ 0” E. Depth 1375 fathoms. Globigerina 
ooze. Bottom temperature 35°°6 Fahr. ; surface temperature 43°°0 Fahr. 

Station 147. West of the Crozet Islands. December 30, 1873. Lat. 46° 16’ 0” S., 
long. 48° 27’ 0” E. Depth 1600 fathoms. Diatom ooze. Bottom temperature 34°:2 
Fahr. ; surface temperature 41°°0 Fahr. 

Remarks.—Hymenaster precoquis differs so widely from all other species of Hymen- 
aster in the character of the adambulacral armature and of the aperture-papille, that I 
have felt some doubt as to whether they do not require the separation of the form in a 
subgenus, or even a distinct genus. After carefully considering the importance attribut- 
able to these structures, I have decided to leave for the present the species as now classed. 
One of the examples of this species is exceedingly interesting from the fact that well- 
developed young are present in the nidamental chamber, and may be seen through the 
semitransparent membrane. A large rent occurs in the actinal floor in one interradium, 
and I am inclined to think that it was probably formed for their egress ; but whether by 
the young starfishes themselves or by their mother, I am unable to offer an opinion. 
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Genus Benthaster, Sladen. 
Benthaster, Sladen, Journ. Linn. Soc. Lond. (Zool.), 1882, vol. xvi. p. 242. 


Form depressed. Marginal contour stellato-pentagonoid. Abactinal area convex. 
Actinal area plane. 

Supradorsal canopy rudimentary. No muscular fibrous bands. No spiracula. Nida- 
mental cavity more or less aborted. Paxillee with subfascicular crowns; spinelets tri- 
laminate, of extraordinary length, delicacy, and number, protruding the greater portion 
of their length naked beyond the supradorsal membrane. Paxille probably devoid of 
investing membrane. Papule simple, globular, sessile sacs, comparatively large. Special 
dorso-lateral (? supero-marginal) plates at the extremities of the rays. Ossicles of the 
abactinal surface cruciform, greatly attenuated, the whole calcareous framework being 
reduced to a minimum. 

Adambulacral armature consisting of one or two spinelets, which are long, needle- 
shaped, independent, and not united by membrane. Aperture-papille more or less 
modified. Segmental apertures (?) aborted. 

Mouth-plates of the Hymenaster type. ‘Two pairs of secondary or superficial mouth- 
spines, robust, clavate, thorny, probably without saccular membrane. Mouth-spines proper 
two or three, the innermost resembling the anterior pair of secondaries, only rather 
smaller, the others pointed. 

Actino-lateral spines merged in the actinal floor. 

Remarks.—The superficial aspect of this genus recalls, to a certain extent, that of 
Korethraster, from which, however, it is structurally widely separate. The rudimentary 
supradorsal membrane, and the long, fasciculated, naked, paxillar spinelets, protruding 
far beyond the membrane, readily distinguish the genus from Hymenaster ; whilst the 
simple independent armature of the adambulacral plates, not forming combs and not 
webbed, at once distinguishes Benthaster from Marsipaster, the only other form with 
which it can be compared. 


Chorology of the Genus Benthaster. 
a. Geographical distribution :— 


Paciric: Two species between the parallels of 40° N. and 10 8. 
Benthaster wyville-thomsoni, from the Mid-North Pacific, near the 
meridian of 170° E. Benthaster penicillatus, off the north coast of 
New Guinea, south-west of the Admiralty Islands. 


B. Bathymetrical range: 1070 to 2900 fathoms. 


y. Nature of the Sea-bottom: Benthaster wyville-thomsoni on Red clay ; Benthaster 
penicillatus on Blue mud. 


ou 
to 
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Chorological Synopsis of the Species. 


Ocean, Range in Fathoms, | Nature of the Sea-bottom. 
Benthaster penicillatus 0 4 Pacific. 1070 Blue mud. 
Benthaster wyville-thomsoni . A Pacific, 2900 Red clay. 


1. Benthaster wyville-thomsonz, Sladen (Pl. XCIV. figs. 1-5). 
Benthaster Wyville-Thomsoni, Sladen, 1882, Journ. Linn, Soc. Lond. (Zool.), vol. xvi. p. 242. 


Marginal contour substellate. Rays broad at the base and tapering to a very fine 
extremity. Interbrachial arcs well indented, not rounded; the minor radius in the pro- 
portion of 50 percent. R=18mm.; r= 9mm. General body-profile much depressed, 
slightly elevated in the centre of the disk. 

The abactinal aspect is very remarkable, recalling at first sight the appearance of 
Korethraster, This resemblance, however, is merely illusory, and arises from the presence of 
prominent tufts of long spinelets that project free beyond the supradorsal membrane. The 
pedicles of the paxillae are comparatively short, reduced almost to tubercles on the outer 
part of the rays, bearing about eight to ten spinelets, which are of great length, and expand 
very slightly apart from one another. The paxillz stand on cruciform ossicula, the pro- 
longations of which are very long and thin, and the central portion where they cross little, 
if at all, widened. 

The supradorsal membrane is represented by a loose irregular spongiform tissue, which 
fills up the paxillee-crowns near their bases, and extends over the whole abactinal area. This 
spongy mass is not uniform in thickness or density, and nowhere forms a definite mem- 
brane. The paxillze-spinelets protrude a great portion of their length through this tissue, 
and have the appearance of being entangled amongst it,—a conventional definition of their 
character expressing more than any rigid description of this part of the structure. No 
muscular fibrous bands, and no spiracula are present. The spinelets, which are trans- 
parent and vitreous in appearance, are regularly trilaminate (as may be distinctly seen 
in every broken section) and taper to a fine sharp point. No trace is apparent of any true 
membranous envelope to the paxille. The spinelets on the disk are much longer and 
more robust than elsewhere, attaining their greatest size in the neighbourhood of the 
centre. The oscular orifice is rather indistinct, margined by five somewhat irregular 
tufts or spinelets, longer and more robust than any of the others. No definite or regular 
valves appear to be formed. It is doubtful to what extent the dermal chamber is 
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developed, but probably its character is greatly modified ; the specimen under notice leads 
to the inference that it is almost aborted in the present instance. 

At the extremities of the rays there is on each side an elongate supero-marginal plate, 
equal in length to about seven or eight segments of the ray, becoming thicker at the 
aboral end and developing more or less of a knob. These expansions join at the extremity 
of the ray, and form an arch over the termination of the ambulacral furrow, the knobs 
bearing several prominent spinelets stouter than any of those in the vicinity. 

The ambulacral furrows are broad and rather petaloid. The tube-feet are arranged in 
simple pairs. The adambulacral plates are very narrow and spaced widely apart, the 
margin of the furrow being simply a narrow ridge. Their armature consists normally of 
two spines, placed transversely and very slightly oblique, but frequently only one is present. 
They are long, thickened at the base, tapering to the point; and when two are present, 
the outer one is often much larger than its companion. No trace of any investing 
membrane is present. Squamous plates are present on the outer margin of the adam- 
bulacral plates, which doubtless are the representatives of the aperture-papille. They 
seem to be more or less aborted functionally in the specimen under notice, and are 
apparently ankylosed, at any rate on the inner half of the ray, to the general body-skeleton ; 
they are large, and broadly oval or subspatulate in shape. 

The mouth-plates resemble in character those of Hymenaster. The median keel along 
the suture is very prominent adorally and sharply rounded. Two short, robust, curved, 
slightly clavate, and rather thorny spinelets stand on each side of the keel near the 
middle of the plates. Owing to the bad state of preservation of this specimen, the rest of 
the armature is unfortunately undistinguishable. 

The actino-lateral spines, which are fifteen to twenty im number, or perhaps rather 
more, are comparatively short, delicate, and widely spaced ; the longest is about the 
fourth from the mouth, and rather shorter than the breadth of the ambulacral furrow, 
measured from the base of this spine to the base of its correspondent on the opposite side. 
The actino-lateral spines do not diminish very rapidly in length as they approach the 
extremity. ~A fibrillar tissue of very loose construction forms the web uniting the spines, 
and at the same time constitutes the actinal floor of the test, beyond the margin of which 
the spines project considerably. In places where the actinal web has been removed in 
the interradial space, no paxille are to be seen for supporting the pseudo-supradorsal 
membrane from the sides of the rays, the cavity appearing to be very feebly developed 
there. 

Locality. —Station 244. In the Mid-North Pacific, between Yeddo and San Francisco, 
near the meridian of 170° E. June 28, 1875. Lat. 35° 22’ 0” N., long. 169° 53’ 0” E. 


Depth 2900 fathoms. Red clay. Bottom temperature 35°°3 Fahr. ; surface temperature 
70°°5 Fahr. 
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2. Benthaster penicillatus, Sladen (Pl. XCIV. figs. 6-9). 


Benthaster penicillatus, Sladen, 1882, Journ. Linn. Soc. Lond. (Zool.), vol. xvi. p. 245, 


Marginal contour stellato-pentagonoid; interbrachial arcs moderately indented and 
well rounded. Minor radial proportion 65:2 percent. R=11:°5mm.; r=7'5 mm. The 
rays taper gradually, and their extremities are somewhat upturned. 

The supradorsal membrane is exceedingly delicate and rudimentary, appearing little 
more than a thin mucous film over the interradial areas, becoming, however, rather 
spongiform over the rays. The pedicles of the paxil: are very thin and delicate, bearing 
a crown of extremely long, thin, needle-like spines, seven or eight times the length of the 
pedicle; there are about twenty spinelets in a crown on the disk, and about half that 
number, or less, towards the extremities of the rays. The spinelets are of the most delicate 
description, vitreous in appearance, trilaminate, the transverse section representing three 
cylindrical rods placed together, instead of three flattened lamin, as in the preceding 
species, The spinelets are widened at their proximal extremity into a condyloid articula- 
tory base, all fitting close together, and each moulded to the form of its fellows, the whole 
forming a compact basement to the crown. The spinelets constituting a crown expand 
very slightly apart, and protrude the greater portion of their length free and naked 
through the supradorsal membrane. 

_ The cruciform ossicles of the abactinal surface, upon which the paxille are borne, are 
very delicate, the prolongations being attenuated to a remarkable degree, here and there 
almost aborted, and the central portion of the ossicle manifesting a tendency to become 
rotund and squamiform. ‘This modification is so far carried out, that in the centre of 
the disk the whole of the abactinal surface that can be seen under the oscular orifice is 
simply covered with subcircular scales. 

The oscular orifice is very large. The valves (or their representatives) consist of a 
compressed paxilla-crown composed of rather more robust spinelets than the rest. The 
pedicles of these modified paxille are very much enlarged, compressed laterally, and 
expanded at the top, upon which the spinelets are articulated in a more or less regular 
double row, the pedicles standing in the median radial line. Powerful muscular bands 
run between the bases of the pedicles of the valves and form a regular pentagon, near the 
centre of which the anal aperture is situated. Close to the periproct and less than 
its own breadth away is the remarkably small, round, insignificant, madreporiform body. 
The papule are simple round sacs, as broad as long, and immensely large in proportion to 
the pedicles by which they stand. 

Supero-marginal plates are present at the extremity of the ray, and form a terminal 
arch or ocular guard; but they are not half the length of the similar pieces in the pre- 
ceding species. 

The ambulacral furrows are wide, not petaloid, and the margins of the furrow are 
very narrow. The armature of the adambulacral plates consists of two or three spines 
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placed very obliquely, the inner or aboral spine being the smallest; the outermost spine 
is probably the representative of the aperture-papilla, of which it occupies the place, 
although it differs in no way from the other two spinelets; sometimes a small additional 
spinelet is present. The spines are long, delicate, and needle-shaped, and there are 
traces of a fine investing membrane. 

The mouth-plates are of the Hymenaster-type, and present a prominent peak aborally, 
sloping adorally, and little prominent in front. Each plate bears two long, clavate, thorny, 
somewhat curved secondary or superficial spines, nearly equidistant from one another 
and from the median suture, the posterior spinelets being longest. Two mouth-spines 
proper are situated on the horizontal margin of each plate, the innermost one being 
slightly smaller than the anterior secondary (superficial) spine, which it resembles exactly 
both in form and character; whilst the outer spinelet is very much smaller, and slightly 
tapering and smooth, instead of being clavate and thorny. 

The actino-lateral spines are delicate and rather widely spaced; about fifteen are 
present on each side of a furrow, the fourth or fifth from the mouth being longest. The 
spines diminish slowly in size as they proceed outward, and maintain a fair length even 
at the extremity of the ray. The actinal membrane is perfectly transparent, and com- 
posed of very fine and widely spaced fibres, reticulated rather rectangularly. No marginal 
fringe is formed ; and the actinal tissue appears to pass over the margin continuous with 
the supradorsal tissue. The actino-lateral spines project considerably beyond the margin, 
and are naked. 

Colour in alcohol, greyish white. 

Locality.—Station 218. Off the north coast of New Guinea, south-west of the 
Admiralty Islands. March 1, 1875. Lat. 2° 33’ 0” S., long. 144° 4’ 0” E. Depth 
1070 fathoms. Blue mud. Bottom temperature 36°°4 Fahr. ; surface temperature 84°°0 
Fahr. 


Subfamily PyTrHonasTeRIN&, Sladen, 1888. 


Genus Pythonaster, Sladen. 
Pythonaster, Sladen in Narr. Chall. Exp., 1885, vol. 1. p. 609. 


Rays very elongate and flexible, swollen for a short distance from the disk, then 
rapidly becoming narrow, compressed laterally and extending to an attenuate extremity. 
Disk small, with a well-defined channel traversing each interradial line, which causes the 
starfish to appear to be composed of five united rays only. In the central abactinal 
region are five triangular fan-like valves, composed of delicate spinelets united by mem- 
brane, radial in position, which meet together when shut down and cover the dorso- 
central aperture. 


Abactinal and lateral surfaces beset with delicate plates imbedded in membrane and 
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invisible without microscopic preparation ; they bear fasciculi of minute spinelets enve- 
loped in a membranous sac, which causes them to appear like little semiglobular bags 
only. These sacculi are arranged with great regularity on each side of the median radial 
line in obliquely transverse lines, which pass up to the adambulacral plates. Along the 
median line of the ray is a band of smaller and irregularly disposed sacculi. 

Adambulacral plates large. Armature consisting of an obliquely transverse series of 
spinelets united by membrane and forming a semicircularly curved fan. 

Mouth-plates with a prominent median keel. Armature consisting of :—(1.) A 
marginal series of three or four mouth-spines webbed together, and about three smaller 
ones not webbed together. (2.) On the actinal surface of the plate, two larger secondary 
mouth-spines in membranous sheaths. The actinostome is very wide, and there is a 
broad exposed buccal membrane. 

Madreporiform body situated in one of the interradial sulci, external to the dorso- 
central valvular apparatus. Surface grooved with numerous rather coarse striations. 

Ambulacral tube-feet large and biserially arranged, with a large, fleshy, centrally- 
invaginated, button-like terminal disk. 

No pedicellarize of any kind are present. 

Remarks.—This remarkable and abnormal type of asterid is altogether unlike any 
other form. Its general morphological structure appears to me to justify its inclusion in 
the family Pterasteride. Its aberrant peculiarities, however, necessitate in my opinion its 
separation in a distinct subfamily. 


Chorology of the Genus Pythonaster. 


a. Geographical distribution :— 


ATLANTIC: One species between the parallels of 30° and 40° S. 
Pythonaster murray, off the coast of South America, east of 
Buenos Ayres. 


B. Bathymetrical range: 1900 fathoms. 
y. Nature of the Sea-bottom: Blue mud. 


Chorological Synopsis of the Species. 


| 


Ocean. | Range in Fathoms. | Nature of the Sea-bottom. | 
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Pythonaster murrayt : : Atlantic. 1900 Blue mud. 
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1. Pythonaster murrayi, n. sp. (Pl. XCV. figs. 1-5). 

Rays five. R=150 mm.; r=17 mm. R<9vr. Breadth of a ray at the base, 19 
mm.; breadth at 19 mm. from the base, 9 mm.; midway between the centre and the 
extremity, 5°5 mm. 

Rays very elongate, flexible, narrow, subeylindrical, subcarinate and compressed 
laterally on the outer part, considerably swollen and inflated at the base but rapidly 
becoming slender at a short distance from the disk; they then appear to maintain a 
nearly uniform breadth for some distance along the ray, and finally taper gradually to an 
attenuate extremity. 

A transverse section of the ray, midway between the centre and the extremity, would 
present an outline nearly resembling that of a gothic arch, with the apex slightly rounded, 
the vertical height being greater than the breadth. The lateral walls terminate with an 
abrupt rounding upon the actinal surface, this rounding being occupied entirely by the 
adambulacral plates; nearly the whole of the actinal surface of the ray is thus taken up 
by the ambulacral furrow. 

The disk is small, and its real size is so much masked that the starfish has the appear- 
ance of being composed of five united rays only, the deception being produced by the 
presence of a deep sulcus or channel, which traverses each interradial line. This constric- 
tion emphasises the swelling at the base of the ray, and also causes the ray to appear to 
be continued nearly to the centre of the disk. In the central area there is some depres- 
sion, in the midst of which is located a well-developed valvular apparatus similar to 
that closing the oscular orifice in the Pterasteride. This consists of five triangular 
fan-like valves, radial in position, each composed of delicate spinelets united by mem- 
brane, which meet together when shut down and completely close the dorso-central 
aperture. 

The abactinal and lateral areas are beset with extremely delicate plates, which are 
imbedded in membrane and are invisible without microscopic preparation. ‘The orna- 
mentation of these surfaces presents a very remarkable appearance. It consists of short, 
minute spinelets, grouped together into fasciculi, five to ten in each, borne on the plates 
above mentioned ; and each fasciculus is enclosed in a membranous sac, which causes them 
to appear like little semiglobular bags only. Under magnification the extremities of 
spinelets may here and there be seen protruding through the membrane, and the inter- 
spaces are also covered with membrane. ‘The fasciculi are arranged with great regularity 
in obliquely transverse lines on each side of the median radial line, and pass along the deep 
lateral wall of the ray up to the adambulacral plates. In the median portion of the radial 
areas of the disk and along the median line of the ray, the sacculi are smaller and are dis- 
posed without order and consequently independent of the transverse series. This irregular 
median band is very narrow along the ray, but expands towards the base and on the radial 
area of the disk. ‘The rows run nearly parallel to the interradial line, and maintain the 
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same angle of obliquity with scarcely any change throughout the ray. One of the lineal 
series at the base of the ray contains about fifteen or sixteen sacculi in a line, which are 
closely placed and often touch one another. The sacculi diminish in size as they proceed 
along the ray, and midway between the centre and the extremity there are about six or 
seven inarow. The series of rows are separated from adjacent rows by a well-defined 
space, nearly as broad as the row of sacculi. The interradial sulcus, above mentioned, is 
emphasised and almost arched over by the row of sacculi on each side. As these two 
rows pass over the margin, they recede gradually from the median line as they approach 
the adambulacral plates, in consequence of which a wedge-shaped naked area occurs along 
the interradial region on the actinal surface, extending between the mouth-plates and 
the margin, where it narrows into the sulcus that proceeds along the abactinal surface. 
Sometimes one or two sacculi may be present on each side of the median line a short 
distance behind the mouth-plates. 

The armature of the adambulacral plates is arranged in obliquely transverse semi- 
circular curves, and consists near the inner end of the furrow of about six spinelets, the 
outermost being longest and the rest decreasing gradually in size as they approach the 
inner or aboral end of the series, and all are united by membrane which is deeply indented 
between the two outer spinelets, and to a less degree between the others. On the outer 
part of the ray the number of spinelets is reduced to five or four. The inner two or 
three spinelets are minute, and stand close together on that part of the semicircle which 
traverses the furrow-margin of the plate, the curvature of the base line of the fan 
having its convexity directed adorally. The longest spinelets have a tendency to radiate 
outward, and the adambulacral plates present a slight angular prominence into the 
furrow. 

The mouth-plates are large and prominent, with a rounded elevated ridge along their 
line of junction, terminating aborally in a moderately prominent peak. ‘The plates have 
broad lateral expansions, the adoral margin being nearly as long as the median suture ; 
they protrude but slightly into the margin of the actinostome, and there is only a feebly- 
developed peak at the adoral extremity of the median juncture. The armature consists 
of three or four short, cylindrical mouth-spines placed on the horizontal margin of each 
plate, united by membrane and directed towards the interradial line, the innermost spine 
being the longest. Immediately succeeding the mouth-spines are three small spinelets 
situated at the angle of the plate most remote from the median line of juncture; the 
innermost stands close to the mouth-spines and might be counted as one of that series, 
except that it is not connected with them by membrane as the others are; the other two 
spines are behind, and form with the one just mentioned a semicircular curve at the 
rounded angle of the mouth-plate, suggestive of an incipient adambulacral armature. 
These spines, however, are much smaller, and though covered with membrane are not 
united. Upon the surface of each plate, near the median elevation, are borne two 
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secondary or superficial mouth-spines, which are longer than the mouth-spines proper ; 
the most aboral is the longer and stands at about one-third of the distance from the 
adoral extremity of the plate; the second is smaller and is placed close behind the 
marginal series of mouth-spines. All these spinelets, both mouth-spines proper and 
secondaries, are covered with membranous sheaths, which in the case of the large aboral 
secondary spines are widely expanded at the base. The mouth-spines are united by a 
membranous web, but there is no connection between the armature of the two united 
plates. 

The actinostome is large, occupying nearly two-fifths of the actinal surface of the 
disk, the mouth-plates consequently could not be apposed, and the mouth is situated in 
the centre of a naked leathery membrane, and is furnished with a well-developed muscular 
lip, the delicate and regular plications of which give a very elegant appearance to this 
structure. Near the margin of the actinostome the membrane is semitransparent, and 
the internal viscera may be indistinctly traced through it. 

The dorso-central valves when closed form as a whole an externally subcircular button 
from 6 to 7 mm. in diameter. The valves are triangular and composed of delicate spine- 
lets, a dozen or more in each, united together by membranous web. The spinelets decrease 
in length regularly from the central ones in each fan-like valve ; and the membrane is 
gracefully festooned between the extremities of the spines. Externally there is an abrupt 
flexure of the fan at its base, which gives the button-like character to the apparatus 
already noticed. Some vesicular protuberances are visible through the spaces left be- 
tween adjacent valves, but I am unable, without an undesirable mutilation of the specimen, 
to offer any positive observation as to whether these valves open into a definite infra- 
dermal cavity ; my impression is that such a cavity does not exist in this form. A pro- 
tuberant anal membrane appears to be traceable. 

The madreporiform body is moderately large and situated in the interradial sulcus, 
external but close to the dorso-central valves ; the striations are numerous but rather 
coarse, and radiate with considerable regularity from the centre. 

The ambulacral tube-feet are large and regularly biserial. They are furnished with a 
large fleshy sucker-disk, which, when viewed laterally, is seen to be of greater diameter 
than the immediately adjoining part of the tube, and from which it is marked off by a 
well-defined constriction. The sucker-disk has consequently the character of a button- 
like extremity ; and in the centre there is a conspicuous invaginated depression. 

Colour in alcohol, a uniform yellowish ashy grey. 

Locality.—Station 323. Off the coast of South America, east of Buenos Ayres. 
February 28, 1876. Lat. 35° 39’ 0” S., long. 50° 47/0” W. Depth 1900 fathoms. 
Blue mud. Bottom temperature 33°'1 Fahr. ; surface temperature 73°°5 Fahr. 
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Family EcHINASTERID&, Verrill, 1871 (1867), emend. 


The family Echinasteridw established by Verrill’ comprised the genera Echinaster, 
Acanthaster, Mithrodia, and Ferdina. In 1875 Perrier? added to this group Solaster 
(including Crossaster), Cribrella, and Valvaster, and removed the genus Ferdina to the 
family Linckiide. In 1878 Viguier* maintained the family as thus constituted, but 
divided the genera into four “tribus,” the Echinasterine, Mithodiine, Valvasterine, and 
Solasterinz, the last embracing the genera Solaster and Acanthaster. In 1884 Perrier‘ 
removed Solaster (recognising the independent genera Solaster, Crossaster, and Lophaster), 
which he placed in a distinct family Solasteride, and Mithrodia, which he also ranked in 
a separate family. With the latter step I am unable to agree, and I have therefore 
replaced the Mithrodiine as a subfamily of Hchinasteride. With this exception I 
maintain the generic constitution of the family as last amended by Perrier. 

I have added two new genera to the family—Perknaster, a form allied to Cribreila, 
and Plectaster, a genus established for the reception of the remarkable species described 
by Miiller and Troschel® under the name of Echinaster decanus, which has since been 
erroneously referred by Perrier® to the genus Solaster. I have recently had the gratifica- 
tion of identifying the species in some examples sent to the British Museum from Port 
Jackson and Port Phillip, respecting which Prof. Jeffrey Bell’ has subsequently published 
a brief note recording the new occurrence of this interesting type. Plectaster, n. gen., is 
characterised by the wide-meshed reticulate arrangement of the abactinal plates, which 
leave enormous papular areas occupied by numerous papule (fifty or more may be counted 
in a large mesh, and the surrounding margin of the membrane perforated by the papula 
is often papillate) ; by the abactinal plates bearing compact groups of short, equal, upright 
spinelets imbedded in a membranous mass; by the presence of actinal intermediate and 
infero-marginal plates (the latter slightly larger) similarly armed with short, equal, 
upright spinelets invested in a sacculate membranous bag, which in spirit specimens 
has the appearance of being deeply invaginated or perforated in the centre; by the 
armature of the adambulacral plates, consisting of two parallel semicircular series of 
short, equal, cylindrical spinelets, four or five in each series, standing upright and 
palisade-like. Plectaster decanus has a remarkable facies unlike that of any other form 
with which I am acquainted. 


1 Trans. Conn. Acad. Arts and Sci., 1871 (1867), vol. i. part 2, p. 343. 
? Révis, Stell. Mus., p. 35 (Archives de Zool. expér., 1875, t. iv. p. 299). 
3 Archives de Zool. expér., 1878, t. vii. p. 93. 

* Nouv. Archives Mus. Hist. Nat., 2e Série, 1884, t. vi. p. 164. 

5 Archiv f. Naturgesch., 1843, Jahrg. ix. Bd. i. p. 114. 

8 Nouv. Archives Mus, Hist. Nat., 2c Série, 1884, t. vi. p. 78. 

7 Zoologischer Anzeiger, March 1888, Jahrg. xi. p. 121. 
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Synopsis of the Genera included in the Family EcHINASTERIDS. 


A. Disk large. Rays numerous, Armed with large isolated spines covered 

with membrane beset with calcareous granules. Numerous madre- 
poriform bodies. orficiform pedicellarie present . . : 

a. A single genus c 2 . : : . . é 

B. Disk small. Rays usually ave Armed with large spines beset with scales 

or asperities. One madreporiform body. No pedicellariw present. 


No interbrachial partitions . . : . . . . 5 
a. A single genus : . : . : - 
C. Disk small or medium-sized. Beye five or six. Spinulation small: spinelets 
isolate or grouped. No pedicellarie present . . . 
a. Armature of the adambulacral plates simple or disposed in Eoancane 
series. 


a. Abactinal plates bearing small spinelets, in more or less com- 
pact groups. 

a, Disk small. Marginal plates usually distinguishable. 
Adambulacral plates with a small inner spinelet 
placed high in the furrow : 

8. Disk comparatively large. Marginal plates crpentically 
undistinguishable. No small inner spinelet on the 
adambulacral plates. - : : : “ 

b. Abactinal plates bearing simple isolated spines 
b. Armature of the adambulacral plates disposed in a double jong util 
series. Abactinal plates forming a wide-meshed network 
and bearing compact groups of spinelets. . 

D. Disk moderately developed. Rays five. Abactinal plates pany ae 
posed, bearing small isolated spinelets, Marginal plates with large 
valvate pedicellariz. Actinal intermediate plates bearing one or 
more large flattened spinelets 

a. A single genus 5 : . . . 


Subfamily AcANTHASTERIN#, Sladen, 1888. 


Genus Acanthaster, Gervais. 


ACANTHASTERINZ. 
. Acanthaster. 


MITHRODIINE. 


. . Mithrodia. 


EcHINASTERIN. 


. Cribrella. 


. Perknaster. 
. Lchinaster. 


4 . Plectaster. 


‘VALVASTERINE. 
Valvaster. 


Stellonia (pars), Agassiz, Mém. Soc. Sci. Nat. Neuchatel, 1835, t. i. p. 191. 


Echinaster, Gray, Ann. and Mag. Nat. Hist., 1840, vol. vi. p. 281. 
Acanthaster, Gervais, Dict. Sci. Nat., suppl., 1841, t. i. p. 474. 


Echinites, Miiller and Troschel, Archiv f. Naturgesch., 1844, Jahrg. x., Bd. i. p. 180. 


Acanthaster is a very isolated type, having a facies altogether unlike that of any other 
form. ‘The genus is confined to tropical waters, and, though ranging over a wide area of 
distribution, the amount of morphological plasticity exhibited is very slight. 
uncertainty as to whether the form from Mauritius, so carefully described by de Loriol,’ 
can really be recognised as a species independent from Acanthaster echinites; and I am 


equally doubtful as to the validity of the claims of Acanthaster ellisii. 
1 Mém. Soc. Phys. et Hist. Nat. Genéve, 1885, t. xxix., No. 4, p. 6. 


I feel some 
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Chorology of the Genus Acanthaster. 


a. Geographical distribution :— 
InprAN OcEAN: One (or perhaps two) species between the parallels of 30° N. 
and 30° S. 
* Acanthaster echinites and Acanthaster mauritiensis from Mau- 
ritius, the former also from the Red Sea, and extending into the 
Eastern Archipelago and the Pacific. 


EasTeRN ARCHIPELAGO: One species between the parallels of 20° N. and 20° S. 
* Acanthaster echinites, from the Philippine Islands, the Moluccas, 
and other islands in the archipelago, and extending into the Indian 

Ocean and the Pacific. 


PactFic: Three (?) species between the parallels of 30° N. and 55° S. 
*Acanthaster echinites, from the Fiji Islands, and extending into 
the Eastern Archipelago and Indian Ocean. Acanthaster ellisu, 
from the Galapagos Islands and coast of California; also from New 
Hanover and New Britain (fide Studer). Acanthaster solaris, 
from the Strait of Magellan. 


6. Bathymetrical range : Confined to the Littoral zone so far as at present known. 


y. Nature of the Sea-bottom: Recorded in very few cases; Acanthaster echinites 
inhabits coral reefs. 


The species collected by the Challenger is indicated by an asterisk in the above list. 


Chorological Synopsis of the Species herein mentioned. 


| Ocean. | Range in Fathoms, | Nature of the Sea-bottom. 
| Shallow water. Coral reefs. 


Acanthaster echinites . . { 


Indian, Pacific, and | 
Eastern Archipelago. | 


1. Acanthaster echinites (Ellis and Solander), Liitken. 


Asterias echinites, Ellis and Solander, 1786, Nat. Hist. Zooph., tab. Ix., lxi., Lxii. 

Stellonia echinites, Agassiz, 1835, Mém. Soc. Sci. Nat. Neuchatel, t. 1. p. 192. 

Echinaster Ellisii (? pars), Gray, 1840, Ann. and Mag. Nat. Hist., vol. vi. p. 281. 

Acanthaster echinus, Gervais, 1841, Dict. Sci. Nat., suppl., t. i. p. 474. 

Echinaster solaris, Miller and Troschel, 1842, System der Asteriden, p. 25. ' 

Acanthaster echinites, Liitken, 1871, Videnskab. Medd. naturh. Foren. i Kjgbenhavn,’p. 292. 
(ZOOL. CHALL. EXP,—PART LI,—1888.) 68 
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Localities.—Zebu, Philippine group. On the reefs. Depth and conditions not 
recorded. 

Kandavu, Fiji Islands. On the reefs. Depth and conditions not recorded. 

Remarks.—These examples appear to me to accord with the description given by Perrier* 
of certain specimens which he has studied and referred to Gray’s species. There is, how- 
ever, no type of Acanthaster ellis in the British Museum; it is therefore extremely 
doubtful to what form that author applied the name. In the examples under notice the 
spines are all covered with a thick, closely fitting, fleshy, whitish membrane, which causes 
them to appear perfectly smooth and glistening in the specimens preserved in spirit, and 
when the membrane is removed the spine is found to be perfectly smooth. When a spine is 
dried, however, it appears covered with regularly disposed granules which produce a rough- 
ness similar to that assigned as a characteristic feature in Acanthaster echinites. The 
granules, however, are much less pronounced, and are devoid of the central hair-like needle 
often found in well-preserved examples of Acanthaster echinites. The “roughness” of the 
spines in the Challenger examples is undoubtedly produced by the drying out of granular 
deposits contained in the investing membranous sheath, and I am inclined to believe from 
the examination of dried specimens of Acanthaster echinites that the same explanation 
will hold good for that form. 

The pedicellarize in the examples from Zebu and Kandavu appear shorter than in 
specimens from Mauritius which have been referred to Acanthaster echinites, a circum- 
stance also mentioned by Perrier as a character of the form he refers to Acanthaster 
ellisiz. The colour is a bright whitish violet. 

Notwithstanding the differences noted above, I feel grave doubt as to whether they 
are of sufficient importance to warrant the specific separation of the form from Acanthaster 
echinites; but with the material at present available I am not in a position to fully 
discuss the question. 


Subfamily Mirnropuna@, Viguier, 1878. 
Genus Mithrodia, Gray. 


Mithrodia, Gray, Ann. and Mag. Nat. Hist., 1840, vol. vi. p. 287. 
Heresaster, Michelin, Revue Zoologique, 1844, p. 173. 


This well-marked form, which has given so much trouble to classifiers, is essentially 
an inhabitant of tropical seas. N otwithstanding its wide area of geographical distribution, 
the specific character is maintained with great constancy, and the genus shows a very 
limited range of morphological plasticity, three species only having been defined. 


1 Révis. Stell. Mus., p. 99 (Archives de Zool. expér., 1875, t. iv. p. 363). 
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Chorology of the Genus Mithrodia. 
a. Geographical distribution :— 


ATLANTIC: One species between the parallels of 15° and 25° §, 
Mithrodia victoriz, off the Victoria Bank, east coast of Brazil. 
InpIaAN OcEAN : One species between the parallels of 0° and 30° S. 

*Mithrodia clavigera, from Mauritius, and extending into the 
Eastern Archipelago and Pacific. 

EASTERN ARCHIPELAGO: One species between the parallels of 20° N. and 10° S. 

*Mithrodia clavigera, from Java, Flores, and the Moluccas, and 
extending into the Indian Ocean and Pacific. 

Paciric : Two species between the parallels of 30° N. and 30° 8. 

*Mithrodia clavigera, from the Fiji Islands, Samoa Islands, Tahiti, 
and Sandwich Islands, and extending into the Eastern Archipelago 
and Indian Ocean. Mithrodia bradleyz, from the western coast of 
the American continent, extending from California to Panama. 

8. Bathymetrical range: Shallow water to 39 fathoms. 
y. Nature of the Sea-bottom: Mithrodia clavigera on coral reefs; Mithrodia victori# 
on dead coral ; Mithrodia bradley on rocks. 


The species collected by the Challenger is indicated by an asterisk in the above list. 


Chorological Synopsis of the Species. 


Ocean, | Range in Fathoms. | Nature of the Sea-bottom. 
| 
Mithrodia bradleyi . =i) Eacifie; | Shallow water. Rocks. 
age ; 5 Indian, Eastern Archi-)! 4 
| Mithrodia clavigera . : { pelago, and Pacific, } Shallow water. | Coral reefs. 
Mithrodia victoriz . . | Atlantic. | 39 | Dead coral. 
| | 


1. Mithrodia clavigera (Lamarck), Perrier. 


Asterias clavigera, Lamarck, 1816, Hist. nat. anim. s. vert., t. i. p. 562. 

Mithrodia spinulosa, Gray, 1840, Ann. and Mag. Nat, Hist., vol. vi. p. 288. 

Ophidiaster echinulatus, Miiller and Troschel, 1842, System der Asteriden, p. 32. 

Heresaster papillosus, Michelin, 1844, Revue Zoologique, p. 173; Mag. de Zool., 1845, p. 19, pl. ix. 
Echinaster echinulatus, v. Martens, 1866, Archiv f. Naturgesch, Jahrg. xxxii. Bd. i. p. 59. 
Mithrodia echinulata, Liitken, 1871, Videnskab. Medd. natur. Foren. i Kjgbenhavn, p. 266. 
Mithrodia clavigera, Perrier, 1875, Révis. Stell, Mus., p. 114 (Archives de Zool. expér., t. iv. p. 378). 


Locality.—Kandavu, Fiji Islands. On the reefs. 
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Subfamily EcuinasTerIn#, Viguier, 1878. 
Genus Cribrella (Agassiz), Forbes. 


Pentadactylosaster (pars), Linck, De Stellis marinis, 1733, p. 34. 

Cribrella ( pars), Agassiz, Mém. Soc. Sci. Nat. Neuchatel, 1835, t. 1. p. 191. 
Linkia, Forbes, Mem. Wern. Soc., 1839, vol. vi. p. 120. 

Henricia, Gray, Ann. and Mag. Nat. Hist., 1840, vol. vi. p. 184. 

Cribella (pars), Forbes, Hist. Brit. Starfishes, 1841, p. 100. 

Echinaster (pars), Miiller and Troschel, System der Asteriden, 1842, p. 22. 

For a long time the genus Cribrella was thought to be represented by a single species 
only, and to be confined to the northern portion of the Atlantic. Within the last twenty 
years a number of other species have been discovered, and the genus is found to have a 
wide area of distribution in the Southern as well as in the Northern temperate and sub- 
frigid zones. In the higher latitudes north of the Equator Cribrella is the only representa- 
tive of the family, but in its approach towards the southern pole it is accompanied by the 
allied genus Perknaster, Its bathymetrical range is greater than that of any other genus 
of Echinasteride, it being the only representative of the family in the Abyssal zone. 


Chorology of the Genus Cribrella. 
a. Geographical distribution :-— 
ATLANTIC: Seven species between the parallels of 81° N. and 60° S. 

*Oribrella oculata, off the Scandinavian and British coasts, off 
Greenland, Labrador, the United States of North America, Spitz- 
bergen, Nova Zembla, in the White Sea, and off the northern coast 
of Asia (Brandt). Cribrella antillarum and Cribrella sexradiata, 
off Barbados, the former also off Guadeloupe, Martinique, and St. 
Lucia, and the latter off the southern point of Florida. In the 
extreme South Atlantic: *Cribrella ornata, from the Cape of Good 
Hope, and extending into the Pacific. *Ciibrella simplex, off the 
Tristan da Cunha group, and extending into the Southern Ocean. 
*Cribrella obesa, off the Falkland Islands, and also found in the 
Strait of Magellan on the Pacific side. Cribrella pagenstecheri, 
from South Georgia. 


SOUTHERN OcEAN: Two species between the parallels of 45° and 55° S. 
“Cribrella prestans, from between Marion Island and Kerguelen 
Island. *Cribrella simplex, off Prince Edward’s Island and Marion 
Island, and between Marion Island and Kerguelen Island, and 
extending into the Atlantic. *Cribrella simplex, var. granulosa, 
from Kerguelen Island. 
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Pactric: Seven species between the parallels of 55° N. and 55° 8. 


*Oribrella ornata, off New Zealand and Campbell Island, and 
extending to the Cape of Good Hope. *Cribrella compacta, off 
New Zealand. *Cribrella sufflata, north of the Kermadec Islands. 
Cribrella densispina from the Corean Strait, off the west coast of 
Niphon. Cribrella leviuscula from Puget Sound and off the coast 
of Oregon. Cribrella minuta, off the coast of Eeuador. *Cribrella 
obesa, off the entrance to Smyth Channel in the Strait of Magellan, 
and extending to the Falkland Islands. 


8. Bathymetrical range: Shallow water to 1850 fathoms. 
Greatest range of one species: Cribrella oculata, shallow water to 1350 fathoms. 


y. Nature of the Sea-bottom: Cribrella oculata is found on hard ground, on clay 
(sandy, Blue, and Biloculina), and Blue mud; Cribrella antillarum on hard 
ground, fine sand, and mud ; Cribrella sexradiata on broken shells and corals ; 
Cribrella obesa on sand, gravel, and Blue mud; Cribrella prestans and Cr- 
brella simplex on hard ground (gravel, shells), the latter also on Volcanic sand. 
Cribrella simplex, var. granulosa, and Cribrella sufflata, on Volcanic mud. 

The species collected by the Challenger Expedition are indicated by an asterisk in the 


foregoing list. 


Chorological Synopsis of the Species. 


Cribrella compacta 


Cribrella minuta 
Cribrella obesa . 


Cribrella oculata 
Cribrella oculata,vav. 


abyssicola 
Cribrella ornata 


Cribrella antillarum . 


Cribrella densispina . 
Cribrella leviuscula . 


J 


Cribrella pagenstecheri 


Cribrella prestans 


Cribrella sexradiata . 


Cribrella simplex 


Cribrella simplex,var. 
granulosa 
Cribrella suflata 


| 


Ocean, Range in Fathoms. Nature of the Sea-bottom. 
Atlantic. 127 to 734 Hard ground, fine sand and mud. | 
Pacific. 275 Globigerina ooze. 
Pacific. 40 
Pacific. 
Pacific. we2 ie 
Atlantic and Pacific. 12 to 245 Sand, gravel; Blue mud. 
{ Clay (sandy, Blue, and Bilo- 
Atlantic and Arctic. | Shallow water to 1550 culina) ; Hard ground ; Blue 
\ mud. 
Atlantic. 516 to 555 
Atlantic and Pacific. Shallow water to 20 
Atlantic. (?) less than 14 ase 
Southern, 210 Hard ground (gravel, shells). 
Atlantic. 101 to 321? Broken shells and corals. 
Atlantie and Southern. 50 to 310 | ee Sra iy ory eee | 
Southern. 10 to 50 Volcanic mud. 
Pacific. | 520 Volcanic mud. 


1 In the list of stations of the “Blake” Expedition given by Perrier (Nouv. Archives Mus. Hist. Nat., 
2e Série, 1884, t. vi. pp. 173, 180), the depths are given as 120 and 321 fathoms; on p. 209 (op. ct.) the same 
two stations are given as 150 and 101 fathoms. 
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1. Cribrella oculata (Linck), Forbes. 


Pentadactylosaster oculatus, Linck, 1733, De Stellis marinis, p, 35, tab. xxxvi. No. 62. 

Asterias sanguinolenta, O. F. Miiller, 1776, Zool. Dan. Prody., p. 234, No. 2836. 

Asterias pertusa, O. F. Miiller, 1776, Zool. Dan. Prodr., p. 235, No. 2839. 

Asterias oculata, Pennant, 1777, British Zoology, vol. iv. p. 61, pl. xxx. fig. 56. 

Asterias spongiosa, Fabricius, 1780, Fauna Groeenlandica, p. 368, No. 363. 

Asterias seposita, Retzius, 1783, K. Svensk. Vet.-Akad. Nya Handl., Ar. 1783, t. iv. p. 237; Diasert. 
sist. spec, cog, Asteriarum, 1805, p. 21. 

Linkia oculata, Forbes, 1839, Mem. Wern. Soc., vol. vill. p. 120. 

Henricia oculata, Gray, 1840, Ann. and Mag. Nat. Hist., vol. vi. p. 184. 

Cribella oculata, Forbes, 1841, Hist. Brit. Starfishes, p. 100. 

Echinaster oculatus, Miiller and Troschel, 1842, System der Asteriden, pp. 24, 127. 

Echinaster Eschrichtii, Miiller and Troschel, 1842, System der Asteriden, p. 25. 

Echinaster sanguinolentus, Sars, 1844, Archiv f. Naturgesch., Jahrg. x., Bd. i. p. 169. 

Echinaster Sarsit, Miiller and Troschel, 1844, Archiv f. Naturgesch., Jahrg. x., Bd. i. p. 178. 

Linckia pertusa, Stimpson, 1853, Invert. Grand Manan, p. 14. 

Cribrella sanguinolenta, Liitken, 1857, Videnskab. Medd. naturh. Foren. i Kjgbenhavn, p. 31. 

Cribella Eschrichtii, Dujardin and Hupé, 1862, Hist. Nat. Zooph. Echin. (Suites & Buffon), p. 349. 

Cribrella oculata, Perrier, 1875, Révis. Stell. Mus., p. 109 (Archives de Zool. expér., t. iv. p. 373). 

Cribrella Sarsti, Perrier, 1878, Nouv. Archives Mus. Hist. Nat., 2e Série, t. i. p. 77. 


Localities.—Station 46. Off the coast of North America, east of New Jersey. May 6, 
1873. Lat. 40° 17’ 0” N., long. 66° 48’ 0” W. Depth 1350 fathoms. Blue mud. 
Bottom temperature 37°:2 Fahr. ; surface temperature 40°°0 Fahr. 

Station 48. South-west of Halifax, Nova Scotia. May 8, 1873. Lat. 43° 4’ 0” N.; 

long. 64° 5’0” W. Depth 51 fathoms. Rock. Surface temperature 38°:0 Fahr. 

Station 49. South of Halifax, Nova Scotia. May 20, 1873. Lat. 43° 3’ 0” N., long. 


63° 390” W. Depth 85 fathoms. Gravel, stones. Bottom temperature 35°°0 Fahr. ; 
surface temperature 40°°5 Fahr. 


“ Porcupine ” Expedition : 

Station 51. In the Faerée Channel. Lat. 60° 6’ 0” N., long. 8° 14/0” W. Depth 
440 fathoms. Bottom temperature 5°°5 C.; surface temperature 10°°9 C. 

Station 52. In the Faerde Channel. Lat. 60° 25’ 0” N., long. 8° 10’ 0” W. Depth 
384 fathoms. Bottom temperature —0°°8 C.; surface temperature 11°'2 C. 

Station 54. In the Faerée Channel. Lat. 59° 56’ 0” N., long. 6° 27’ 0” W. Depth 
363 fathoms. Bottom temperature —0°3 C. ; surface temperature 11°*4 C. 

Station 62. In the Faerée Channel. Lat. 61° 59’ 0” N., long. 4° 38’ 0” W. Depth 
125 fathoms. Bottom temperature 7°0 C.; surface temperature 9°8 C. 

Station 65. North-east of the Shetland Islands. Lat. 61° 10’ 0” N., long. 2° 21’ 0” 
W. Depth 345 fathoms. Bottom temperature —1°-1 C. ; surface temperature 11°°1 C. 

Station 74. ast of the Shetland Islands. Lat. 60° 39’ 0” N., long. 3° 9’ 0” W. 
Depth 203 fathoms. Bottom temperature 8°7 C.; surface temperature 11°°4 C. 

Station 90. In the Faerée Channel. Lat. 59° 41/ 0” N., long. 7° 34’ 0” W. Depth 
458 fathoms. Bottom temperature 7°-3 C.; surface temperature 11°°7 C. 
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“Knight Errant” Expedition : 

Station 3. Off the Island of North Rona. August 3 and 4, 1880. Lat. 59° 12’ 0” 
N., long. 5° 57’ 0” W. Depth 53 fathoms. 

“Triton” Expedition : 

Station 1. In the Faerde Channel. August 4, 1882. Lat. 59° 51’ 30” N., long. 6° 
210” W. Depth 240 fathoms. Bottom temperature 47°°0 Fahr. 

Station 10.1 In the Faerde Channel. August 24, 1882. Lat. 59° 40’ 0” N., long. 
7° 21'0"” W. Depth 516 fathoms. Bottom temperature 46°°0 Fahr. 

Station 11.1. In the Faerde Channel. August 28, 1882. Lat. 59° 29’ 0” N., long. 
7° 130” W. Depth 555 fathoms. Bottom temperature 45°°5 Fahr. 


2. Cribrella ornata, Perrier. 
Echinaster (Cribella) ornatus, Perrier, 1869, Ann. Sci. Nat., 5e Série, t. xii, p. 251. 
Cribrella ornata, Perrier, 1875, Révis. Stell. Mus., p. 112 (Archives de Zool. expér., t. iv. p. 376). 


Locality.—Simon’s Bay, Cape of Good Hope. Depth, shallow water to 20 fathoms. 


3. Cribrella compacta, n. sp. (Pl. XCVI. figs. 1 and 2; Pl. XCVIII. figs. 3 and 4). 


Rays five. R=15°5>mm.; r=3mm. R>5~r. Breadth of a ray at the base, 3 mm. 

Rays elongate, delicate, subrigid, tapering from the base to the extremity, which is 
obtusely pointed. Disk slightly conoid, with faint depressions or sulci along the median 
interradial lines. Interbrachial arcs distinctly angular. 

The abactinal and marginal plates are large in relation to the size of the starfish, and 
bear compact groups of numerous, uniform, delicate, microscopic spinelets, with denticulate 
tips. The interspaces or meshes between the plates are smaller than the plates, but are 
distinctly defined and occupied by a single papula. 

Two contingent longitudinal series of plates may be more or less clearly discerned 
external to the adambulacral plates, the lower one being most distinct; these are probably 
the representatives of the supero-marginal and infero-marginal plates. These plates are 
larger than the abactinal plates but are covered with exactly similar spinelets. 

The adambulacral plates are very little broader than long, and their armature consists 
of a compact group of short uniform spinelets, two at the furrow margin, which are placed 
obliquely so that one is most prominent, being larger than the rest. Frequently a third 
small spinelet is present on the other side of the foremost spinelet, making a triangular 
set on the furrow margin. The spinelets on the surface of the plate do not show any 
definite arrangement, but they may be resolved more or less indistinctly into three or 
four transverse series. There is a single minute spinelet at the apex of the plate, which 
is placed very high in the furrow. 

1 The examples from these Stations are a deep-sea variety, which I proposed to call var. cylindrella (Trans. 


Roy. Soc. Edin., vol, xxxii. p. 160, pl. xvi. fig. 8). Canon Norman has since informed me that he thinks this 
name will be synonymous with his var. abyssicola. 
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The madreporiform body is rather large but indistinctly defined, and its surface is 
marked with a few coarse, deep, irregular furrows. It is situated at the summit of one 
of the sloping median interradial depressions above described. 

Colour in alcohol an ashy grey. 

Locality.—Station 166. Off the west coast of New Zealand. June 23, 1874. Lat. 
38° 50’ 0” S., long. 169° 20’ 0” E. Depth 275 fathoms. Globigerina ooze. Bottom tem- 
perature 50°°8 Fahr. ; surface temperature 58°°5 Fahr. 

Remarks.—Although the example described is a small and probably not fully grown 
specimen, its characters appear to. be sufficiently well marked to justify its being regarded 
as a distinct species. It is characterised by the delicate form, by the large plates with the 
compact groups of numerous spinelets, by the small but well-defined papular areas, by the 
distinct series of marginal plates, and by the character of the armature of the adam- 
bulacral plates. In these points Cribrella compacta is readily distinguished from Cribrella 
ornata. 


4. Cribrella obesa, n. sp. (Pl. XCVI. figs. 83 and 4; Pl. XCVIII. figs. 5 and 6). 


Rays five. R=70 mm.; r=13 mm. R>5r. Breadth of a ray near the base, 15 mm. 

Rays rather short, cylindrical, and with a short and swollen appearance, the shortness 
being emphasised by the recurved tips, and the swollen character by the presence of a 
deep and constricted sulcus in the median interradial lines, which gives the appearance of 
a small disk “with very tumid rays closely pressed together. ‘This, however, is in a great 
measure deceptive. The rays taper from the base to the extremity, which is not 
attenuate. 

The plates of the abactinal surface are small and their arrangement forms an open 
network. The plates are beset with small, low, robust, rounded papilliform spinelets, of 
which two short lineal series are usually present in each group, two or three of these 
groups and plates going to form the side of a mesh. Within the larger meshes there may 
be one, two, or more small plates, which seldom bear more than one of the small papilli- 
form spinelets or granules, and single isolated papule are present. On the margin of the 
abactinal area, and on the upper part of the lateral wall, the spinelets become more delicate 
and tapering. 

Rather low down on the lateral wall of the ray is a distinct narrow longitudinal 
line traversing the whole length, and composed of elongate, horizontally disposed 
plates, which I consider to be the representatives of a series of narrow supero-marginal 
plates. Immediately below this series is a series of small, vertically disposed, widely 
spaced plates, succeeded by another series of much larger plates, also vertically dis- 
posed, which I take to be the representatives of the infero-marginal plates. Between 
these and the adambulacral plates at the base of the ray are two or three longitudinal 
series of actinal intermediate plates, but these do not extend far along the ray, and 
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the series next to the adambulacral plates, which is the longest, only extends about 
half way along the ray. All these plates intervening between the series that I have 
called the supero-marginal series and the adambulacral plates are remarkable for the 
manner in which the plates of the several series form vertical or transverse series; these 
pass from the adambulacral plates to the supero-marginal plates, and continuations of 
the same lines are also seen to extend for a short distance above the supero-marginal 
series, the abactinal plates there having a tendency to fall into the same arrangement. 
All the plates above mentioned are thickly beset with compact croups of spinelets similar 
to those on the abactinal plates, and large papule occur in the interspaces. 

The armature of the adambulacral plates consists of a transverse series of about three 
comparatively large, robust, slightly tapering spinelets, followed by one or two pairs of 
much smaller spinelets at the outer end of the plate. Occasionally there may be four or 
five spinelets in the transverse series, and occasionally one or more may be out of the 
line, thus appearing to form an oblique pair with its neighbour in the series. There is a 
single isolated small spinelet at the apex of the plate placed very high up in the furrow. 

The madreporiform body is large, circular, and slightly raised. It is situated at the 
summit of one of the interradial sulci. Its surface is marked with rather coarse striations 
which radiate from the centre to the periphery, and the dissepiments are studded with 
comparatively large, low, rounded granules. 

Colour in alcohol, a slightly brownish ashy grey. 

Localitves.—Station 315. Port William, Falkland Islands. January 26,1876. Lat. 
51° 40’ 0” &., long. 57° 50’ 0” W. Depth 12 fathoms. Sand, gravel. Surface tem- 
-perature 50°°0 Fahr. 

Station 311. Off the entrance to Smyth Channel. January 11, 1876. Lat. 52° 45’ 
30” S., long. 73° 46’ 0” W. Depth 245 fathoms. Blue mud. Bottom temperature 46°-0 
Fahr. ; surface temperature 50°:0 Fahr. 

Remarks.—In the character of its spinulation this species resembles to a certain extent 
Cribrella ornata, but differs greatly from it in the widely open network formed by the 
abactinal plates. The general habit of the two forms is altogether different; and the 
definite transverse or vertical series of plates on the lateral and actinal regions of the ray, 
and the character of the adambulacral armature of Crvbrella obesa, furnish strikingly 
conspicuous characters by which the species may be distinguished. 

The examples from the Strait of Magellan are somewhat less robust in the ray than 


the type form. 


5. Cribrella prastans, n. sp. (Pl. XCVI. fig. 7; Pl. XCVIII. figs. 7 and 8). 


Rays five. R=88 t090 mm; r=14 mm. R>6~r._ Breadth of a ray at the base, 
about 18 mm. Breadth about midway between the disk and the extremity, 10 mm. 
Rays elongate, cylindrical, but subdepressed near the base and over the disk, which is 


(zooL. CHALL. EXP.—PaRT L1.—1888.) 69 
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capable of some inflation, tapering gradually from the base to the extremity, the outer 
half of the ray being narrow and attenuate, and the tips recurved in the specimen under 
notice. The disk is comparatively large for the genus. 

The plates of the abactinal surface are small and form a compact network. Amongst 
them are larger plates, which are slightly more prominent and bevelled into an indistinct 
ridge ; and these larger plates are so arranged as to form a continuous but still more or 
less indistinct, large and widely-open network, in the large meshes of which are placed a 
number of the smaller plates with single isolated papulee interspersed. Upon the larger 
plates are borne small compact groups of short microscopic spinelets, the groups being 
distinctly spaced ; on the smaller plates within the meshes there are seldom more than two 
or three similar spinelets, and their posture is divergent rather than tending to form a 
compact group. All the spinelets are covered with skin, and they are undistinguishable 
without the aid of a magnifying-glass. 

An indistinct line of small narrow plates, forming a thin longitudinal series (the 
posture of the plates being horizontal), may be discerned on the upper part of the lateral 
wall of the ray, the representatives, perhaps, of a supero-marginal series. About midway 
between this series and the adambulacral plates is a second longitudinal series of larger 
plates (the posture of the plates being vertical), probably the representatives of an infero- 
marginal series. The plates of both these series bear groups of spinelets similar to those 
above described. The intermediate space between the two series, which diminishes in 
breadth as it extends along the ray, is occupied by small plates similar to those on the 
abactinal surface, and these have a tendency to form vertical and equally spaced lines 
between the two longitudinal series, with irregular plates and papule in the interspaces. 
Much irrecularity, however, occurs, and the arrangement indicated can only be made out 
here and there. The space between the lower longitudinal series (the infero-marginal 
plates ?) and the adambulacral plates is occupied by larger plates, arranged in more or less 
regular longitudinal lines parallel to the furrow. ‘These plates, which are probably actinal 
intermediate plates, are much more uniform and bear more definite groups of rather longer 
spinelets than those on the lateral and abactinal areas. About two series of these inter- 
mediate plates may be counted midway on the ray, and the number increases gradually 
towards the disk. Papule are present between the intermediate plates. 

The armature of the adambulacral plates consists of a single small skin-covered spinelet 
standing at the apex of the plate and placed high in the furrow, which is followed by about 
two or three pairs of larger spinelets and a small compact group of irregularly placed 
spinelets, the whole forming a transversely placed group, the spinelets of which decrease in 
size as they recede from the furrow. 

The madreporiform body, which is rather large and circular, is situated rather nearer 
the centre than midway between that point and the margin. Its surface is grooved with 
deep strix, radiating from the centre to the margin, and the intervening dissepiments 
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are closely studded with conical spinelets, which give the surface a very echinulate appear- 
ance, and almost mask its presence. 

Colour in alcohol, a dirty light brownish grey. 

Locality.—Station 148. Off the Crozet Islands. January 3,1874. Lat. 46° 47/0’S., 
long. 51° 37’ 0” E. Depth 210 fathoms. Hard ground, gravel, shells. Surface tempera- 
ture 41°:0 Fahr. 

Remarks.—This species is distinguished from all the species with which I am 
acquainted by the peculiar secondary network on the abactinal surface, the meshes of 
which are filled up with smaller plates. The extremely small microscopic spines borne on 
the abactinal plates, and the subregular well-defined series of actinal intermediate plates, 
also furnish marks by which the species may be recognised. 


6. Cribrella simplex, n. sp. (Pl. XCVII. figs. 5 and 6; Pl. XCVIIL. figs. 9 and 10). 


Rays five R=27mm.;7r=6 mm. R=4'5 r, Breadth of a ray at the base, 
6°25 mm. 

Rays elongate, rounded, perfectly cylindrical, tapering gradually but slightly from the 
base to the extremity, which is obtuse. Disk small, with more or less distinct depres- 
sions or sulci in the median interradial lines abactinally. Deeper and more conspicuous 
depressions are present on the actinal surface. Interbrachial arcs angular. 

The plates of the abactinal surface, which are small and narrow, form a clearly defined 
open network of delicate character. The plates are bevelled into a more or less distinct 
ridge, upon which are borne, at wide intervals apart, single isolated hemispherical or 
slightly conoid granules, which are quite invisible without the aid of a magnifying- 
glass. The meshes are relatively large and are occupied by one or occasionally two 
papulee. 

On the lateral wall of the ray an indistinct longitudinal series of small plates, which 
represent a supero-marginal series, may be discerned ; and below these a second and more 
conspicuous longitudinal series of larger plates, which represent the infero-marginals, is 
present. These two series are separated on the inner half of the ray by a series 
of small, vertically disposed, intermediate plates between which are large papule ; and 
on the inner half of the ray the infero-marginal series is separated from the adambulacral 
plates by actinal intermediate plates, of which two or even three series may be present at 
the base of the ray, but the upper series extends a very short distance, and that next the 
adambulacral plates extends very little further than half way along the ray. The spinu 
lation of the plates above described, which intervene between the abactinal and adambu- 
lacral plates, is remarkable, from the fact that it shows a tendency to form vertical or 
transverse single lines of papilliform granules. In some examples the vertically disposed 
series of granules on the infero-marginal plates may be doubled. 

The armature of the adambulacral plates consists of a single transverse series of three 
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or four robust, short, slightly tapering spinelets; the outermost is much smaller than the 
others, and sometimes an additional one is present there. On some of the plates near the 
mouth one of the spines in the transverse series may be out of the line, which produces the 
appearance of an oblique pair. At the apex of the plate is a single minute spinelet placed 
very high up in the furrow. 

The madreporiform body, which is well defined, circular, and slightly raised, is situated 
rather nearer the centre than midway between that point and the margin. Its surface is 
marked with few striations, which are coarse and radiate from the centre to the periphery. 
There are a few isolated spinelets or granules on the dissepiments. 

Colour in alcohol, a bleached yellowish white. 

Localities. —Off Inaccessible Island, Tristan da Cunha group. Depth 90 fathoms. 

Off Nightingale Island, Tristan da Cunha group. Depth 100 to 150 fathoms. 

Station 148. Off the Crozet Islands. January 3, 1874. Lat. 46° 47’ 0”S., long. 
51°37’ 0” E. Depth 210 fathoms. Hard ground, gravel, shells. Surface temperature 
41°:0 Fahr. 

Station 145a. Off Prince Edward Island. December 27, 1873. Lat. 46° 41’0’S., 
long. 38° 10’ 0” E. Depth 310 fathoms. Volcanic sand. Surface temperature 41°°5 
Fahr. 

Off Marion Island. Depth 50 fathoms. 

Remarks.—This species is characterised by the extreme simplicity of the spinulation of 
the abactinal plates, and of the armature of the adambulacral plates, and by the lineal dis- 
position of the granules on the lateral wall of the rays. 


6a. Cribrella simplex, var. granulosa, nov. 


There is a small Cribrella from the neighbourhood of Kerguelen which I consider to be 
a variety of this species, although at first sight it differs greatly in superficial character. 
This difference in appearance arises from the fact that the granules on the abactinal plates 
are larger and more numerous, and that the lineal disposition of granules on the lateral 
wall of the ray is more or less masked. The variation may be traced through various 
stages of divergence from the type form, and in some the only differences noticeable 
are the larger size and somewhat greater number of the granules. On these grounds 
1 do not consider that there is sufficient justification for regarding the Kerguelen form as 
specifically distinct from Cribrella simplex. The mimetic resemblance of this variety to 
Pedicellaster scaber from the same region is highly remarkable. 

Colour in alcohol, a brownish ashy grey. 

Localities—Royal Sound, Kerguelen Island. Depth 28 fathoms. 

Off Kerguelen. Position not recorded. Depth 10 to 50 fathoms. 
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7. Cribrella sufflata, n. sp. (Pl. XCVI. figs. 5 and 6; Pl. XOVIII. figs. 1 and 2). 


Rays five R=80 mm.; r=12mm. R<7r. Breadth of a ray at the inflation near 
the base, 13 to 14 mm.; breadth of the same ray about midway between the disk and the 
extremity, 7 mm. 

Rays elongate, rounded, and perfectly cylindrical, abruptly inflated near the base, the 
inflation tapering off more gradually outwardly, the outer half of the ray being narrow 
and attenuate. The tip is recurved in the specimen described. The disk is very small. 

The plates of the abactinal surface are small, and form a distinct but rather close net- 
work, They are narrow and bevelled into an indistinct ridge, upon which are borne 
extremely small, widely spaced, conical granules; at intervals two or three are near 
together, and form an incipient group. Upon the disk, where the granules are slightly 
larger and the network closer, grouping is more apparent. These granules or incipient 
spinelets are so small that they only produce a slight roughness to the touch when the 
specimen is handled, and are invisible without the help of a magnifying-class. There is 
seldom more than one papula in each interspace. 

Along the lateral wall of the ray is a distinct narrow longitudinal line which traverses 
the whole length; this is composed of more compact and crowded groups of granules 
borne on what are probably the representatives of a series of small narrow marginal plates. 
A similar longitudinal line, in which the granules become more spiniform, may be traced 
immediately external to the adambulacral plates, at least on the inner half of the ray. 
The interspace between these two series gradually diminishes as it proceeds along the ray, 
and may be roughly divided into two longitudinal areas, the lower of which is occu- 
pied by rather large plates (in comparison with those hitherto mentioned) ; these are higher 
than long, and bear more or less definite vertically disposed groups of papilliform granules, 
separated by papule. The upper part of the area bears small irregular groups, with 
papulze interspersed. 

The armature of the adambulacral plates consists of about four pairs of spinelets (the 
spinelets of each pair placed slightly obliquely), followed on the outer part of the plate by 
one or two rows of two or three smaller spinelets, the whole forming a compact trans- 
versely disposed group. The spinelets decrease in size as they recede from the furrow ; the 
innermost pairs show some tendency to a subprismatic form, and have a rather thick 
membranous sac. There is a single isolated smaller spinelet high up in the furrow. 

The madreporiform body is small, irregular, and indistinct. Its surface is marked 
with few striations, which are not convoluted, and the intervening dissepiments are studded 
with uniform, papilliform, rounded granules. 

The anal aperture, which is large and distinct, is distinctly excentric in position. 

Colour in alcohol, a warmish shade of light brown, but the greater part is bleached 
into an ashy grey. 

Locality.—Station 170. North of the Kermadec Islands. July 14, 1874. Lat. 
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29° 55’ 0" S., long. 178° 1470” W. Depth 520 fathoms. Volcanic mud. Bottom tem- 
perature 43°°0 Fahr. ; surface temperature 65°0 Fahr. 

Remarks.—Whether the inflation at the base of the ray is the normal form, or is due 
to this specimen being a female and in a gravid condition, | am unable to say without 
mutilating the single example at my disposal. The species may be recognised by its 
general form, by the character of the spinulation of the abactinal plates, and by the struc- 
ture of the lateral and actinal skeleton. 


Genus Perknaster, n. gen. 


Disk large and more or less inflated. Rays cylindrical and tapering. 

Abactinal and lateral surfaces up to the adambulacral plates covered with small 
undistinguishable plates, which bear groups of short, equal spinelets, covered with skin, 
dispersed in tufts or paxilliform groups, more or less compactly placed. 

Armature of the adambulacral plates disposed in one or two transverse series ; the 
innermost spinelet usually large and thickly skin-covered. No small inner spinelet placed 
hich up in the furrow as in Cribrella. 

Madreporiform body distinct, situated about midway between the centre of the disk 
and the margin; surface marked with fine, convoluted striations. 

Anal aperture subcentral and inconspicuous. 

Ambulacral tube-feet in reoular biserial arrangement, and having large fleshy ter- 
minal disks. 

No pedicellaria of any kind present. 

Remarks.—This genus, though allied to Cribrella, is at once characterised by the 
large development of the disk, by the compact structure of the abactinal and lateral 
skeleton, by the homogeneity of the marginal plates, and by the character of the 
armature of the adambulacral plates. The general facies of the forms I have included 
in the genus is very different from that of Cribrella, or any other type. 


Chorology of the Genus Perknaster. 
a, Geographical distribution :— 


SOUTHERN OcEAN : Two species between the parallels of 45° and 55° S. 
Perknaster fuscus and Perknaster densus, from Kerguelen 
Island, the former also from Heard Island. 


8. Bathymetrical range: 25 fathoms to 127 fathoms. 


y. Nature of the Sea-bottom: Volcanic mud. 
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Chorological Synopsis of the Species. 


Volcanic mud. 
Volcanic mud. 


Perknaster densus Southern. 127 


| 
Ocean. Range in Fathoms. | Nature of the Sea-bottom. 
{re 
| 
| 
Perknaster fuscus  . : Southern. 25 to 75 


| 
es 
| 


1. Perknaster fuscus, n. sp. (Pl. XCVII. figs. 3 and 4). 


Rays five R=45mm.; r=14 mm. R>37. Breadth of a ray near the base, 14 
mm. ; breadth about midway between the disk and the extremity, 5 mm. 

Disk large and inflated. Rays short, rounded, broad at the base, then rapidly 
decreasing in breadth and tapering slightly to the extremity, which is thick and obtuse. 
Interbrachial ares wide and open, rounded, or with a faint trace of angularity at the 
summit. On the disk, in the median interradial lines, are more or less sharply defined 
depressions or sulci extending from the margin eg to the centre. The actinal surface 
round the mouth is slightly depressed. 

The whole abactinal and lateral surfaces extending up to the adambulacral plates are 
covered with undistinguishable plates which bear small tufts or groups of short, robust, 
equal spinelets, thickly covered with skin and not particularly compactly placed; the 
whole forming a papillate and more or less irregularly grouped surface. No order of 
arrangement is discernible and there is no approach to a reticulate character. Between 
the plates numerous papule are interspersed. 

On the interradial areas of the actinal surface a certain amount of regularity may be 
traced, the plates there falling into more or less distinct longitudinal and transverse 
series; there are not more than two or three spinelets borne on these plates, and the 
groups consequently have a rather more distinct and isolated appearance. Indistinet 
traces of what are perhaps the representatives of a series of infero-marginal plates may be 
made out at the junction of the actinal interradial and lateral areas. 

The armature of the adambulacral plates consists of a transverse series of three robust 
and very thickly skin-covered spinelets, followed on the outer part of the plate by a pair 
of much smaller spinelets. The innermost or furrow spine is longer and larger than the 
others, and with its membranous investment nearly as thick as the length of the plate. 
There is no small inner spinelet within the furrow. 

The madreporiform body, which is large and distinctly defined, is situated about 
midway between the centre of the disk and the margin, or may be rather nearer the 
former. Its surface is grooved with numerous fine and convoluted striations and has 
a strikingly coral-like appearance. 
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Colour in alcohol, a dark purplish brown on the abactinal surface. The numerous 
spinelet-tips are nearly white. The actinal surface is much lighter than the abactinal. 

Localities.—Station 1498. Off Royal Sound, Kerguelen Island. January 17, 1874. 
Depth 25 fathoms. Volcanic mud. Surface temperature 40°°5 Fahr. 

Station 151. Off Heard Island. February 7, 1874. Lat. 52° 59’ 30” S., long. 73° 
33/30” E. Depth 75 fathoms. Volcanic mud. Surface temperature 36°:2 Fahr. 

Remarks.—This species may be distinguished from Perknaster densus by the general 
form, by the colour, by the character of the spinulation, and by the armature of the 
adambulacral plates. In the last-mentioned particular Perknaster fuscus approaches the 
character of some of the Southern species of Cribrella, but the present form could not be 
mistaken for any of these. 

The example dredged off Heard Island is somewhat longer in the rays than those 
from Kerguelen. 


2. Perknaster densus, n. sp. (Pl. XCVIL figs. 1 and 2; Pl. XCVIII. figs. 11 and 12). 


Rays five. R=51mm.; r=16 mm. R>3,r. Breadth of a ray at the base, about 
18 mm. ; breadth about midway between the disk and the extremity, 7°5 mm. 

Disk large and inflated. Rays subcylindrical, broad at the base, and tapering gradually 
up to the extremity, which is obtusely pointed. Interbrachial arcs distinctly angular. 
Slight depressions feebly defined are present in the median interradial lines on the 
abactinal surface of the disk. The actinal surface of the disk is concave. 

The whole abactinal and lateral surfaces, extending up to the adambulacral plates, are 
covered with small plates which bear small compact groups of short, obtusely rounded, 
equal spinelets; the whole resembling closely crowded paxille. Between the plates 
papulze are interspersed, but are rarely visible superficially in consequence of the crowding 
of the spinulation. No order of arrangement whatever is discernible in the plates either 
on the abactinal or actinal areas, and no traces of the representatives of marginal plates 
can be detected. 

The armature of the adambulacral plates consists of about three pairs of obliquely 
placed spinelets, the whole forming a transverse double series of spinelets. The innermost 
pair are larger than the others, and thickly skin-covered, which gives them a robust and 
often a subprismatic appearance. ‘The outer spinelets are shorter and more cylindrical, and 
merge into the general spinulation of the actinal surface. The obliquity of the position of 
the pairs causes one of the spinelets of the innermost pair to be more prominent into 
the furrow than its companion. No small inner spinelet is present high up in the furrow, 
as in Cribrella. 

The madreporiform body, which is rather large, is situated about midway between 


the centre of the disk and the margin, and its surface is marked with fine convoluted 
striations. 


uy '} a) eT. 
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Colour in alcohol, a dirty light purplish brown or ashy grey. 

Locality. —Station 1494. Off Cumberland Bay, Kerguelen Island. January 29, 1874. 
Lat. 48° 45’ 0” S., long. 69° 14’ 0” E. Depth 127 fathoms. Volcanic mud. Surface 
temperature 39°°8 Fahr. 

Remarks.—Perknaster densus is readily distinguished from its ally Perknaster fuscus 
by the general form, by the densely crowded spinulation, and by the character of the 
armature of the adambulacral plates. 


Genus Hchinaster, Miller and Troschel. 


Echinaster (Lihuyd), Prelectio de Stellis marinis Oceani Britannici, 1703 (e¢ Append. Linck, De Stellis 
marinis), p. 80 (name). 

Stellonia (pars), Nardo, De Asteriis, Oken’s Isis, 1834, p. 716. 

Echinaster, Miiller and Troschel, Monatsber. d. k. preuss. Akad. d. Wiss. Berlin, 1840 (April), p. 102. 

Othilia, Gray, Ann. and Mag. Nat. Hist., 1840 (December), vol. vi. p. 281. 

Rhopia, Gray, Ann. and Mag. Nat. Hist., 1840 (December), vol. vi. p. 282. 


This well-known genus inhabits the tropical and warmer temperate seas of the globe, 
where several of the species are common forms and have been long recognised. 


Chorology of the Genus Echinaster. 
a. Geographical distribution :— 
Artantic: Eight species between the parallels of 75° N. and 30° 8. 

Echinaster scrobiculatus, off the coast of Finmark, Hchinaster 
sepositus, from the Mediterranean, and off the coast of Brittany and 
Gascony. Echinaster brasiliensis and “Echinaster spinosus, off 
* the coast of Brazil, the latter extending northward to Virginia. 
Echinaster sentus and Echinaster spinulosus, off the coast of 
Florida. Echinaster serpentarius, from Vera Cruz. Echinaster 
modestus, from the West Indian area, off Montserrat, St. Vincent, 

and north of Havana. 


Inpian Ocean: Three species between the parallels of 30° N. and 30° S. 
Echinaster fallax, from the Red Sea, Zanzibar, and Querimba 
Island, and extending into the Eastern Archipelago and Pacific. 
Echinaster gracilis, from Madagascar. Echinaster vestitus, from 
Mayotte Island. 
SouTHERN OcEAN: One species between the parallels of 45° and 55° 8. 
* Echinaster spinulifer, from Kerguelen Island. 


EasteRN ARCHIPELAGO: One species between the parallels of 20° N. and 20° 8. 
Echinaster fallax, from Timor and the Philippine Islands, and 


extending into the Indian Ocean and into the Pacific. 
(ZOOL, OHALL, EXP.—PART LI.—1888.) 70 
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Paciric: Four species between the parallels of 40° N. and 45° S. 

Echinaster fallax, from New Zealand (fide Perrier), and ex- 
tending into the Eastern Archipelago and Indian Ocean. *EHchin- 
aster eridanella, off the Admiralty Islands, New Caledonia, and 
New Ireland. Lchinaster.tenuispinus, off the coast of California. 
Echinaster cribella, off the coast of Chili. 

8. Bathymetrical range: Probably all the species are confined to the Littoral zone, 
with the exception of Echinaster modestus, which is stated by Perrier’ to occur 
in 309 fathoms. 

y. Nature of the Sea-bottom: Echinaster spinulifer is found on Voleanic mud ; other 
species not recorded. 

The species collected by the Challenger Expedition are indicated in the foregoing list 

by an asterisk. 

The localities of the following species are unknown, and they have consequently not 

been included in the lists given above :— 


Echinaster crassus, Miller and Troschel. Echinaster lacunosus, Grube. 
Echinaster deplanatus, Grube. | Echinaster rigidus, Grube. : 


Chorological Synopsis of the Species herein mentioned. 


| Ocean. | Range in Fathoms, Nature of the Sea-bottom., 
2 bu pee | 

| | ' 
Echinaster eridanella ; | Pacific. 16 to 25 ete 
Echinaster spinosus . ; Atlantic.” 7 to 20 a 
Echinaster spinulifer : | Southern. | 28 to 127 Volcanic mud. | 


1. Echinaster spinosus (Retzius), Miiller and Troschel. 


Pentadactylosaster spinosus regularis, Linck, 1733, De Stellis marinis, p. 35, tab. iv. No. 7. 

Asterias spinosa, Retzius, 1805, Dissert. sist. spec. cog. Asteriarum, p. 18. 

Asterias echinophora, Lamarck, 1816, Hist. nat. anim. s. vert., t. li. p. 560. 

Othilia spinosa, Gray, 1840, Ann. and Mag. Nat. Hist., vol. vi. p. 281. 

Echinaster spinosus, Miiller and Troschel, 1842, System der Asteriden, p. 22. 

Echinaster (Othilia) crassispina, Verrill, 1871 (1868), Trans. Conn. Acad. Arts and Sci., vol. i. part 2, 
p- 368, pl. iv. fig. 7. 


* Nouv. Archives Mus. Hist. Nat., 1884, 2e Série, t. vi. p. 179. The greatest depth of this species is 
stated (op. cit.) on p. 206 to be 123 fathoms ; but on p. 179 of the same work an example is recorded from 309 
fathoms from a different locality from those cited on p. 206, although it bears the same station number (No. 
170) as one of them. 
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Echinaster crassispinus, Liitken, 1871, Videnskab. Medd. naturh. Foren. i Kjgbenhavn, p. 61. 
Echinaster echinophorus, Perrier, 1875, Révis. Stell. Mus., p. 100 (Archives de Zool. expér., t. iv. 
p. 364). 


Bahia. Depth 7 to 20 fathoms. 


Locality. 


2. Echinaster eridanella, Miller and Troschel. 
Echinaster eridanella (Valenciennes, M. S.), Miiller and Troschel, 1842, System der Asteriden, p. 42. 
Echinaster afinis, Perrier, 1869, Ann. Sci. Nat., 5e Série, t. xii, p. 250, 

Locality.—Admiralty Islands. Depth 16 to 25 fathoms. 


3. Echinaster spinulifer, Smith. 
Othilia spinulifera, Smith, 1876, Ann. and Mag. Nat. Hist., ser. 4, vol. xvii. p. 107. 
Echinaster spinulifer, Smith, 1879, Phil. Trans., Zool. Kerguelen Island, vol. elxviii. p. 274, pl. xvi. fig. 4. 
Localities.—Station 149p. Royal Sound, Kerguelen Island. January 20, 1874. 
Lat. 49° 28’ 0” S., long. 70° 13’ 0” KE. Depth 28 fathoms. Volcanic mud. Surface 
temperature 41°:0 Fahr. 
Station 149H. Off Cumberland Bay, Kerguelen Island. January 29, 1874. Lat. 
48° 450” S., long. 69° 14’ 0” E. Depth 127 fathoms. Volcanic mud. Surface tem- 
perature 39°°8 Fahr. 


Family HeELiaAsTERIp &, Viguier, 1878. 


This family possesses a comparatively limited area of distribution, and appears to be 
confined to the western coast of South America ; the type genus being there represented by 
a number of so-called species which exhibit a remarkable uniformity of facies. 

The family contains only the single genus Helvaster. 


Genus Heliaster, Gray. 
Heliaster, Gray, Ann, and Mag. Nat. Hist., 1840, vol. vi. p. 179. 

This genus, so far as at present known, is limited to the eastern side of the Pacific, 
and extends along the coast of the American continent from California to Chili, inhabiting 
shallow water. I greatly doubt whether all the so-called species which have been recog- 
nised can be maintained when a sufficient series of examples can be studied side by side, 
the differences by which they are separated being exceedingly slight. 


Chorology of the Genus Heliaster. 
a, Geographical distribution :— 
Pacrric: Five species between the parallels of 30° N. and 40° S. 
Heliaster cumingu, from Hood’s Island and Chatham Island 
(Galapagos Archipelago), and probably extending to Peru (jide 
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Verrill). Heliaster microbrachia, from California and Mexico, and 
extending to Panama and the Pearl Islands. Heliaster multiradiata, 
from California, Mexico, the Galapagos Islands, and Sandwich Islands. 
* Heliaster helianthus, off the coasts of Ecuador, Peru, and Chili. 
Heliaster canopus, from the Island of Juan Fernandez. 


8. Bathymetrical range: Shallow water. 


y. Nature of the Sea-bottom: Most of the species have been collected on rocks at 
low water. 


The species collected by the Challenger is indicated in the above list by an asterisk. 


Chorological Synopsis of the Species herein mentioned. 


Ocean, Range in Fathoms. | Nature of the Sea-bottom. 


Heliaster helianthus . . Pacific. | Shallow water. Rocks. 


1. Heliaster helianthus (Lamarck), Dujardin and Hupé. 


Asterias helianthus, Lamarck, 1816, Hist. nat. anim. s, vert., t. ii. p. 558. 

Stellonia helianthus, Agassiz, 1835, Mém. Soc. Sci. Nat. Neuchatel, t. i. p. 192. 

Asterias (Heliaster) helianthus, Gray, 1840, Ann. and Mag. Nat. Hist., vol. vi. p. 179. 
Asteracanthion helianthus, Miiller and Troschel, 1842, System der Asteriden, p. 18. 

Heliaster helianthus, Dujardin and Hupé, 1862, Hist. Nat. Zooph. Echin. (Suites 4 Buffon), p. 344. 


Locality.—Valparaiso. Shallow water. 


Remarks.—The examples collected at this locality show a great variation in the 
number and length of the rays, and in the character of the abactinal spinulation. I see 
no reason, however, for considering that they belong to more than the one species; but 
the circumstance brings into prominence the question of the validity of the characters by 
which the species in this genus have been mainly distinguished. 


Family PepicELLASTERIDA, Perrier, 1884. 


The family Pedicellasteridee was established by Perrier’ in 1884 for the reception of 
the genera Pedicellaster and Zoroaster. In the following year (1885), however, Zoroaster 
was removed by Perrier* into the family Stichasteride, and Pedicellaster was ranked in 
the family Brisingide. The family Pedicellasteride was thus by act dispersed, although 
no mention of the circumstance is made or explanation given. I am unable to agree 


1 Nouv. Archives Mus. Hist. Nat., 2e Série, 1884, t. vi., pp. 154, 167, 194. 
* Ann. Sci. Nat, (Zool.), 1885, t. xix., Art. No. 8, p. 15. 
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either as to the position of Zoroaster in the Stichasteride or of Pedicellaster in the 
Brisingide. The former seems to me to warrant classification in a distinct family, and 
Pedicellaster, on the other hand, differs so widely in character and structural details from 
Brisinga and its allies, that I cannot regard them as belonging to the same family. 
Although I feel much uncertainty as to whether the characters of Pedicellaster are of 
sufficient value to justify its recognition as the type of an independent family, the 
structure of the skeleton, the character of the tegumentary appendages, and the character 
of the water-vascular system present an assemblage of differences which, in my opinion, 
require recognition; and I therefore prefer, in the present state of knowledge of the 
anatomy of these little known forms, to retain the family Pedicellasteride, rather than 
relegate Pedicellaster to a subdivision of one of the allied families. The family as now 
recognised comprises the single genus Pedicellaster. 


Genus Pedicellaster, Sars. 
Pedicellaster, Sars, Oversigt af Norges Echinodermer, Christiania, 1861, p. 77. 


Since the discovery of this genus in the North Atlantic area a number of forms have 
been referred to it, which indicate a wide range of distribution. Although I am inclined 
to think that the whole of the species now ranked as Pedicellaster may not ultimately 
be retained in the genus, the occurrence of representative forms in the higher latitudes of 
the Northern and Southern hemispheres is fully established. As to the relations of the 
intermediate and doubtful forms, I withhold for the present any expression of opinion, as 
I have not had an opportunity of examining specimens. 


Chorology of the Genus Pedicellaster. 
a, Geographical distribution :-— 


ATLANTIC: Seven species between the parallels of 82° N. and 60° S. 

Pedicellaster typicus, off the Norwegian and Murman coasts, 
and off Nova Zembla, Jan Mayen, and Beeren Island. Pedicellaster 
paleocrystallus, off Grinnell Land at Discovery Bay and Cape Frazer. 
Pedicellaster pourtalesi, off Grenada and St. Kitts. Pedicellaster 
margaritaceus and Pedicellaster sexradiatus, dredged by the 
“ Travailleur,” the former at Station 39, the latter at Stations 3 and 5. 
Pedicellaster octoradiatus and Pedicellaster sarsi, off the Island of 
South Georgia. 


SouTHERN OcEAN: Two species between the parallels of 45° and 55° S. 


*Pedicellaster scaber, off Kerguelen Island. *Pedicellaster 
hypernotius, off Marion Island. 
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6. Bathymetrical range: 14 to 1808 fathoms. 

Greatest range of one species: Pedicellaster typicus, 50 to 620 fathoms. 

Of the other species Pedicellaster margaritaceus and Pedicellaster sea- 
radvatus only occur in the Abyssal zone. The remainder inhabit the Littoral 
zone, and are not recorded from greater depths, excepting Pedicellaster 
pourtalesi, which extends into the Continental zone. 

y. Nature of the Sea-bottom: Pedicellaster typicus is found on Clay (sometimes 
sandy) and Stones; Pedicellaster paleocrystallus on a hard bottom ; 
Pedicellaster pourtalesi on fine sand; Pedicellaster scaber on Volcanic mud ; 
and Pedicellaster hypernotius on Volcanic sand. 


The species collected by the Challenger are indicated in the above list by an asterisk. 


Chorological Synopsis of the Species. 


| Ocean. | Range in Fathoms. Nature of the Sea-bottom, 

| 

| ; 

| Pedicellaster hypernotius . : Southern, 140 Volcanic sand. 

| Pedicellaster margaritaceus 4 Atlantic. 670 eee 

| Pedicellaster octoradiatus . : Atlantic. 14 soc 

Pedicellaster palxocrystallus Atlantic. 25 to 80 Hard bottom. 
Pedicellaster pourtalesi : Atlantic. 127 to 250 Fine sand. 
Pedicellaster sarsii . : : Atlantic. o0F see 
Pedicellaster scaber . é : Southern. 20 to 25 | Voleanic mud. 

| Pedicellaster sexradiatus . ; Atlantic. 1730 to 1808 ace | 

| Pedicellaster typicus . : : Atlantic. 50 to 620 Clay (sometimes sandy) ; Stones. 


1. Pedicellaster scaber, Smith. 

Pedicellaster scaber, Smith, 1876, Ann. and Mag. Nat. Hist., ser. 4, vol. xvii. p. 107; Phil. Trans., 
Zool. Kerguelen Island, 1879, vol. clxviii. p. 274, pl. xvi. fig. 3. 

Locality.—Station 149p. Royal Sound, Kerguelen Island. January 20, 1874. Lat. 
49° 28’ 0” S., long. 70° 13’ 0” E. Depth 20 to’25 fathoms. Volcanic mud. Surface 
temperature 41°:0 Fahr. 

Remarks.—This is a well-marked species, and is not merely a variety of Pedicellaster 
typicus, as suggested by Danielssen and Koren.’ 


2. Pedicellaster hypernotius, n. sp. (Pl. CV. figs. 5-7). 

Rays five. R=25 mm.;7=5mm. R=5r. Breadth of a ray at the base 5°25 mm. 

Rays elongate, narrow, tapering very slightly ; probably subeylindrical during life, 
more or less depressed in their present condition. Disk small, not distinguishable from 
the base of the rays. Interbrachial ares acute. 


1 Nyt Mag. f. Naturvidensk., Bd. xxvii. p- 274; Den Norske Nordhavs-Expedition, 1876-1878, Zoologi, 
xi. Asteroidea, Christiania, 1884, p. 40. 
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The abactinal surface is beset with small narrow plates which are arranged in longi- 
tudinal and transverse lines, forming an open network with regular square meshes. In 
some places there appear to be indications of cruciform plates at the intercrossing parts, 
but I am unable to say whether such plates really occur, or the resemblance is only super- 
ficial and due to partial anastomosis of the plates at the crossing. Small, isolated, micro- 
scopic spinelets with denticulate tips are borne on the abactinal plates, usually one at each 
decussation, and sometimes one midway on the transverse trabeculae. The meshes are 
covered with membrane, which is crowded with rather large, uniform, forcipiform pedicel- 
lari. These are so numerous that they mask altogether the papule and give a general 
semicrystalline granular appearance to the surface, when examined with a magnifying- 
glass of low power. 

The marginal plates do not appear to be in any way differentiated; and the uniform 
crowding of pedicellariz extends up to the adambulacral plates. 

The adambulacral plates are very small, and their armature consists of two rather 
elongate subequal spinelets, placed one behind the other and slightly obliquely. They 
are covered with membrane, which on the spines near the mouth forms a more or less 
saccular sheath. 

On the inner half of the ray, at the base of the innermost spine, on the margin of the 
ambulacral furrow, there may be seen here and there a very small pedicellaria, which I 
believe to be forficiform in type. It is, however, much smaller than the forcipiform 
pedicellariw, which are so numerous on the test generally, and appears to be more or less 
aborted in character. 

The madreporiform body, which is very small and difficult to distinguish, is situated 
near the margin of the disk, and its surface is marked with only two or three simple 
furrows. The ambulacral tube-feet are arranged in simple biserial series. 

Colour in alcohol, a dirty ashy grey. 

Locality.—Station 145. Off Marion Island. December 27,1873. Lat. 46° 43’0”S., 
long. 38° 4’ 30” E. Depth 140 fathoms. Volcanic sand. Surface temperature 41°-0 
Fahr. 

Remarks.—This is a true Pedicellaster, and differs in no way from the structural 
characters of Pedicellaster typicus. The presence of forficiform pedicellariz is, however, 
an anomaly in the genus, which has been considered to possess only one kind—the 
forcipiform. The representatives of the forficiform pedicellarize in Pedicellaster hypernotius 
are so small and have such an aborted character that I do not consider their presence 
sufficient to justify the removal of the form under description from the genus. In my 
opinion, they give additional interest to this species as representing either rudiments of 
organs more typically developed in an ancestral form, or incipient stages towards the higher 
development of this form of pedicellaria as found in other allied Asterids. 

Pedicellaster hypernotius is more nearly related to Pedicellaster typicus and Pedicel- 
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laster paleocrystallus* than to any other species; it may however be distinguished by its 
general habit, by the form and character of the pedicellarie, and by the posture and 
character of the armature of the adambulacral plates. Neither of the three forms above 
referred to could possibly be mistaken for Pedicellaster scaber. 


Family AsTERIID a, Gray, 1840, emend. 


The investigations of the last decade have resulted in the establishment of more 
definite morphological limits for this cosmopolitan family than were formerly recognised, 
and the removal of several genera whose plan of structure is essentially different. 

The genera now classed together in the family Asteriide constitute a well-defined 
group, the alliance of which is natural and self-evident. They are enumerated in the 
following table. 


Synopsis of the Genera included in the Family AsTERUDz. 


A. Abactinal skeleton well developed. 
a, Abactinal skeleton reticulate. 


a. Abactinal plates bearing definite spines . i : ¢ : : Asterias. 
6, Abactinal plates bearing large spherical tubercles. Uniophora. 
b, Abactinal skeleton composed of broad imbricating plates, cored ra thick 
membrane masking the plates and their appendages . 5 2 5 Calvasterias, 
B, Abactinal skeleton more or less aborted. 
a. Rays five. Form subpentagonal : ; ; : : : : . Anasterias. 
b. Rays numerous and elongate. c : : : c 2 . : Pycnopodia. 


Genus Asterias, Linné. 


Asterias (pars), Linné, Systema Nature, 1766, ed. xii. p. 1098. 

Stellonia (pars), Nardo, De Asteriis, Oken’s Isis, 1834, p. 716. 

Uraster (Agassiz), Forbes, Mem. Wern. Soc. 1839, vol. viii. p. 114. 

Asteracanthion (pars), Miiller and Troschel, Monatsb. d. k. preuss. Akad. d. Wiss. Berlin, April 1840, 
p. 102. 

Leptasterias, Verrill, Proc. Boston Soc. Nat. Hist., 1866, vol. x. p. 350. 

Coscinasterias, Verrill, Trans. Conn. Acad. Arts and Sci., 1871 (1867), vol. i. part 2, p. 248. 

Margaraster, Hutton, Cat. Echin. New Zealand, 1872, p. 4 (non Margaraster, Gray). 

Marthasterias, caliens Bull. Soc. Zool. pees 1878, p. 141. 


a Doubt ie ton Sercronn ip Drs. Danielssen and ioe (Nyt ap. ip Nabe pipe Bd. xxvii. p. 270; ; 
Den Norske Nordhavs-Expedition, 1876-1878, Zoologi, xi. Asteroidea, Christiania, 1884, p. 39) as to the validity 
of this species, which they consider to be identical with Pedicellaster typicus. The arguments drawn from certain 
points of structure, which they state were insufficiently described by Sars, strongly support that view ; never- 
theless, whilst acknowledging the cogency of the facts adduced by my learned colleagues and with full respect 
for their judgment, I venture to retain the species, at least for the present, as, after the examination of further 
specimens referred to Pedicellaster typicus, I am still inclined to believe that the two forms are distinct. I 
hope, on a future occasion, to be able to compare them side by side and finally settle the question. 
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This large and widely distributed genus was subjected a few years ago to a critical 
revision by Professor F. Jeffrey Bell," who carefully investigated the claims of the large 
number of forms referred to Asterias to be ranked as distinct species. All workers at the 
group owe a debt of gratitude to the author of this admirable and useful memoir. Pro- 
fessor Bell divided the genus into artificial sections, and systematised the recognised species 
by means of easily observed characters, which will afford great help in the determination 
of specimens. 

The number and the great variety of the species of Asterias make the genus a very 
difficult one to deal with, and its subdivision into natural groups has been a long felt 
desideratum. Professor Bell’s scheme is, however, essentially a systematic key, mainly 
artificial in character, rather than a natural arrangement by affinities; it not unfre- 
quently results that species which are nearly related, and present a close similarity of 
habit, are widely separated and placed in sections wherein they stand isolated. For a table 
of specific differences, this perhaps may in some cases be an advantage, though it is 
decidedly unnatural from a taxonomic point of view. 

Whilst fully recognising the excellence and utility of Bell’s classification, I venture to 
think that the two methods—the artificial and the natural—may advantageously be com- 
bined, and for the species with which the present Report is concerned, I have formulated 
a scheme which seems to fulfil these requirements. To discuss the partition of all the 
species of Asterzas would demand more space than I should be justified in occupying in this 
place, and would introduce too large an amount of matter foreion to the Challenger Report. 

The groups or alliances of species which I have proposed, may, in my opinion, be 
regarded as of subgeneric rank. I further believe that some of them may ultimately stand 
as independent genera, but until more is known of the special anatomy of the species, I 
refrain from so classifying them, 


Synopsis of the Species of Asterias herein mentioned. 


A. Asterias rubens group: Abactinal spinelets numerous, but not arranged in 

definite order, usually small and often more or less grouped. Papule 
numerous, in groups : é : 5 : : : : . ASTERIAS. 

a. Heteractinid: Having six rays. 
a, Diplacanthid: Armature of the adambulacral plates consist- 
ing of two spines, 
«. Rays long and tapering, spinulation characteristically 
vesiculated. No spinelets between the parambul- 


acral series of papulz ; : : 5 vesiculosa. 
8. Rays much shorter and less tapering. Spinulation not 

specially vesiculated. Occasional spinelets between 

the parambulacral series of papule 2 : : : meridionalis, 


1 Proc. Zool. Soc. Lond., 1881, pp. 492-515. 
(ZOOL. CHALL. EXP.—PaRT LI.—1888.) ral 
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b. Monacanthid: Armature of the adambulacral plates consist- 
ing of one spine. 
a, Abactinal spinelets isolated, with large pedicellariz in- 
terspersed . 0 7 5 5 ° . . . pervert. 
b. Pentactinid : Having five rays. 
a. Diplacanthid: Armature of the adambulacral plates consist- 
ing of two spines. 
a, Spiniferous actinal plates contingent on the adambul- 
acral plates, and bearing an oblique series of three 
spinelets. Spinelets generally with a high-mount- 
ing, abruptly-terminating sheath of membrane sur- 
mounted by a wreath of pedicellarie . : 0 torquata. 
B. Spiniferous actinal plates well spaced from the diene 
bulacral plates, and bearing only one or two 
spinelets. 
i, With a vertical lateral wall. 
1. Abactinal spines with vesiculated pedicel- 
larie, forming tuft-like groups. Arma- 
ture of the adambulacral plates ay 
diplacanthid : : : 3 glomerata. 
. Abactinal spines not surrounded ne vesicu- 
lated pedicellariz, and, though pedicel- 
lari are numerous, they do not form 
tuft-like groups. Armature of the ad- 
ambulacral plates alternately or irregu- 
larly diplacanthid and monacanthid . : rubens. 
ii. With an angular margin. Abactinal spines 
isolated. Pedicellariz not vesiculated and 
more or less distributed. 
1. Supero-marginal plates with a single longi- 


tudinal series of spines : : S : versicolor. 
2. Supero-marginal plates with a grouped series 
of spines, . . . : amurensis, 


b. Monacanthid: Armature of the adamibalacral plates pone 
ing of one spine. 
«, Abactinal spinelets isolated, and having large isolated 
forcipiform pedicellariz interspersed —. : J ° cunningham, 
B, Asterias sulcifera group: Several series of actinal intermediate plates pre- 
sent, bearing spinelets which form regular longitudinal and transverse 


series. Madreporiform body echinoplacid (Bell) 6 - Sub-gen, CosMAsTERIas. 
a. Abactinal spines vesiculated. Numerous large forficiform pedicellarize 
on the abactinal surface . . 0 é : : c 0 : tomidata. 
b. Abactinal spines not vesiculated. Forficiform pedicellarie absent on the 
abactinal surface or of rare occurrence and not remarkably large . . suletfera. 


C. Asterias scalprifera group: Armature of the adambulacral and infero- 
marginal plates consisting of flattened spines, forming transversely or 
obliquely placed combs. Abactinal plating forming a sub-compact 
network, Spinelets numerous and grouped =. 6 0 Sub-gen. SMILASTERIAS. 
a, Armature of the adambulacral plates consisting of three spines. In- 
fero-marginal plates with oblique combs of four spines. ° ° scalprifera. 
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b, Armature of the adambulacral plates consisting of two spines. Infero- 
marginal plates with oblique combs of three spines . . i c triremts. 

D. Asterias ophidion group : Abactinal plating forming a delicate, wide-meshed, 

quadrate network. Spinelets small, isolated, and few in number, 


Pedicellari isolated : : ; .  Sub-gen. Hyprasrertas. 
a. Diplacanthid: Armature of the ae ain evel letee consisting of two 
spines . : : 7 : ophidion. 
E. Asterias miilleri group : Wprexnal shidielogs emalt aa nel ied Papule 
isolated or very few together . : . Sub-gen. Leprasrertas. 
a. Rays rather short and broad. Abastinal spines ‘renal arly distributed . q miillert. 
b. Rays elongate and narrow. Abactinal spines subregularly arranged 
in longitudinal lines. : . compta. 
F. Asterias tenuispina group: Abactinal spinelets nay definitely avangeds 
large and isolated, with thick wreaths of pedicellariz . Sub-gen. Sronasrerras. 


a. Heteractinid: With more than five rays. 
a. Monacanthid: Armature of the adambulacral plates consisting 
of one spine. 
a. Infero-marginal plates with two spines. With one or 
more intermediate series of abactinal spines between 
the median radial and the marginal series. 
i, With two abactinal intermediate series of spines. 
Wreaths of pedicellariz flat and wide, not 
raised, Large isolated forficiform pedicel- 
larie between. With eleven equal rays : : gemmifera. 
i. With one abactinal intermediate series of spines. 
Wreaths of pedicellarie, thick and bushy, 
raised. No forficiform pedicellarie between, 
With seven to nine rays, usually unequal. 
1. With long pointed spines, autacanthid (Bell) ; tenuispina. 
\2. With short conical spines, typacanthid (Bell) : calamaria. 
f. Infero-marginal plates with one spine, No interme- 
diate series of abactinal spines between the median 
radial and the marginal series : P : c é volsellata. 
b. Pentactinid: Having five rays, j 
a. Diplacanthid : Armature of the adambulacral plates consisting 
of two spines. 
«, With two or three complete intermediate series of abac- 
tinal spines between the median radial and the 
marginal series, No intermediate spinelets be- 
tween the infero-marginal and the adambulacral 
spines . 9 é : stichantha. 
f. With one incomplete ieemacdiats series of placed 
spines between the median radial and the marginal 
series. With an intermediate spinelet between 
the infero-marginal and the adambulacral spines. 5 eustyla. 
b, Monacanthid: Armature of the adambulacral plates consisting 
of one spine. 
«, Rays with vertical lateral walls. Median line of abac- 
tinal spinelets straight. Intermediate spines few 
and large, : é 5 : : : . glacialis. 
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f. Rays, with no definitely defined lateral wall. Median 
line of abactinal spinelets zigzag. Intermediate 
spines may be wanting altogether, or may be rather 
numerous, but small. Rays shorter than in the 
preceding species . ‘ ; . : 0 : 2 africana. 


Chorology of the Genus Asterias. 


a. Geographical distribution :— 


Attantic: Forty-eight or forty-nine species, between the parallels of 82° N. 


and 40° S. 

Asterias grenlandica, from Greenland and extending northward 
to Discovery Bay (lat. 81° 41’ N.), from Assistance Bay, Labrador, 
and Grand Manan, and off the islands of Spitzbergen and Nova 
Zembla.  Asterias spitzbergensis, Asterias gunneri, and Asterias 
panopla, from Spitzbergen, the latter extending to the Scandinavian 
coast and into the Kara Sea. Asterias hyperborea and Asterias 
normani, off Beeren Island. Asterias linckw, between Beeren 
Island and Spitzbergen, and extending to the north coast of Nor- 
way. Asterias polaris, from Greenland and Labrador.  Asterias 
vulgaris, extending from Labrador to Cape Hatteras. “Asterias 
(Hydrasterias) ophidion, south of Halifax, Nova Scotia. “Asterias 
brachiata, Asterias forbesi, Asterias littoralis, Asterias tenera, * Aste- 
rias (Leptasterias) compta, Asterias lacaz, Asterias tanneri, and 
Asterias briarcus, off the coast of the United States of North America. 
Asterias linearis and Asterias angulosa, from the Alligator Reefs off 
Florida. Asterias contorta, Asterias fascicularis, and Asterias gra- 
cilis, from the West Indian Islands. Asterias mexicana, from Vera 
Cruz.  <Asterias hartii, from Brazil. Asterias atlantica, from the 
Abrolhos reefs and Bermuda, and reported also from Cuba. (The 
distinction of this species from Asterzas tenuispina seems doubtful.) 
Asterias bellii, off the eastern coast of Patagonia. Asterias antare- 
tica, Asterias alba, Asterias obtusispinosa, Asterias verrilli, * Aste- 
rias glomerata, and *Asterias cunninghami, from the Strait of 
Magellan, the latter also from the Falkland Islands, and passing to 
Tom Bay, in the Pacific area of the Strait. Astervas sprrabilis, from 
the Falkland Islands. Asterias rugispina, from Tierra del Fuego 
and Port Famine, Strait of Magellan. Asterias georgiana and 
Asterias steineni, from the Island of South Georgia. 

Passing now to the northern area on the eastern side, Asterias 
disticha, from the Kanin Peninsula, White Sea. *Astervas (Stolas- 
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terias) glacialis, from Finmark, Iceland, along the coast of Europe 
into the Mediterranean, and extending to the Canary and Cape Verde 
Islands. *Asterias (Leptastervas) milleri, from Finmark, the coast of 
Norway, and the north of the British area. Asterias hispida, Asterias 
violacea, and Asterias rubens, from the British area, the last reputed 
to extend to Senegal. Asterias richardi and *Asterias (Stolasterias) 
tenuispina, from the Mediterranean, the latter extending to Madeira, the 
Canary and Cape Verde Islands, and Bermuda. *Asterias (Stolasterias) 
eustyla, from Nightingale Island. “Asterias (Stolasterias) africana, 
Asterias capensis, and Asterias rarispina, from the Cape of Good Hope. 


INDIAN OcEAN : Two or three species between the parallels of 0° and 40° S. 
Astervas borboniea, from the Island of Bourbon. “Asterias (Stolas- 
terias) calamaria, from Mauritius, and extending to Australia and 
New Zealand, thus passing into the Pacific. Asterias fungifera 
bears only the vague record of ‘‘ Australia”; it may therefore be not 


correctly included in the Indian Ocean fauna. 


SouTHERN OcEAN : Six species between the parallels of 40° and 60° 8. 
*Asterias perriert, Asterias studeri, Asterias rupicola, and * Aste- 
rias meridionalis, from Kerguelen Island, the last-mentioned also from 
Heard Island. *Asterias (Smilasterias) scalprifera, from Heard Island 
and Marion Island. *Asterias (Smilasterias) triremis, between Ker- 
guelen and Heard Island. 
HasTERN ARCHIPELAGO : Three species between the parallels of 20° N. and 20° S. 
Asterias nuda, from Torres Strait. *Asterias vesiculosa, from the 
Arafura Sea, north-west of the Arrou Islands. “Asterias (Stolasterias) 
volsellata, off Zebu, Philippine Islands. 


Paciric: Fifty-one (and perhaps fifty-four) species between the parallels of 
70° (2?) N. and 60° S. 

Asterias cribraria, from the Arctic Seas north of Bering Strait. 
Asterias acervata, from Bering Strait. Asterias camtschatica, 
Asterias ochotensis, and Asterias pectinata, from Kamtschatka. 
*Asterias amurensis, from the Gulf of Tartary, and extending to 
Japan. Asterias japonica, Astervas rollestoni, *Asterias torquata, 
*Asterias versicolor, and *Asterias (Stolasterias) stichantha, from 
Japan. Asterias acutispina, off the Island of Oosima. *Asterias 
(Stolasterias) calamarva from Australia and New Zealand, and extend- 
ing into the Indian Ocean. Asterias fungifera is reputed to be from 
Australia, but the exact locality is unknown, and its reference to the 
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Pacific fauna is therefore not certain. Asterias scaber, Asterias fragilis, 
and Asterias mollis, from New Zealand. <Asterias sinusoida, from 
Tasmania. *Asterias (Stolasterias) gemmifera, from the Fiji Islands, 
and extending to Chili. Asterias rodolphi, from the Kermadec Islands. 

Passing to the northern area on the eastern side, Asterias ept- 
chlora, Astervas janthina, and Asterias ochracea, from the Island of 
Sitcha, the first extending to Puget Sound and the coast of Oregon, 
and the last to San Francisco. Asterias vancowveri, from Vancouver 
Island. Asterias conferta, Asterias hexactis, Asterias paucispina, 
and Asterias troschelii, from Puget Sound. Asterias fissispina, 
Asterias katherine, and Asterias litkeni, from the coast of Oregon. 
Asterias xqualis, Asterias brevispina, Asterias capitata, Asterias 
sertulifera, Asterias forreri, and Asterias exquisita, from the coast of 
California. Asterias inermis and Asterias nautarum, from Ecuador. 
Asterias gelatinosa, Asterias fulua, Asterias germaini, Asterias lurida, 
Asterias mitis, Asterias spectabilis, *Asterias (Cosmasterias) sulci- 
Jera, Asterias varia, Asterias clavata, and Asterias fulgens, from 
the coast of Chili. *Asterias (Cosmasterias) tomidata, from the Gulf 
of Pefias. *Asterias cunningham, off the coast of Patagonia, and 
extending through the Strait of Magellan into the Atlantic as far as 
the Falkland Islands. Asterias brandti and Asterias neglecta, from 
the Strait of Magellan. Asterias philippi has only the vague record 
of South America as a locality, and it may not, therefore, be correctly 
included in the Pacific fauna. 


B. Bathymetrical range: Shallow water to 1250 fathoms. 


Greatest range of one species: Asterias contorta, 11 to 860 fathoms (fide 
Perrier). 

The majority of the species are confined to the Littoral zone. Asterias 
(Leptasterias) miilleri, Asterias (Cosmasterias) sulcifera, Asterias vulgaris, 
Asterias panopla, Asterias contorta, Asterias fascicularis, Asterias gracilis, 
Asterias tanneri, Asterias briareus, Asterias richardi, and Asterias (Stolas- 
terias) stichantha, pass into the Continental zone. Asterias contorta, Asterias 
gracilis, Asterias fragilis, Asterias vesiculosa, and Asterias (Hydrasterias) 
ophidion, occur in the Abyssal zone ; the last three being at present known only 
from that zone. Asterias (Hydrasterias) ophidion is the species attaining the 
greatest depth, viz. 1250 fathoms. 


y. Nature of the Sea-bottom: The character of the habitat of the older known species 


is recorded in comparatively few cases. The ground inhabited by the Littoral 
species varies considerably, The following occurrences are recorded. On 
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Volcanic mud: Asterias meridionalis, Asterias perrieri, Asterias fascicularis 
(also on Voleanic sand), and Asterias (Smilasterias) scalprifera. On Blue mud : 
Asterias (Cosmasterias) sulevfera and Asterias (Hydrasterias) ophidion. On 
clay: Asterias linckw (also on hard ground), Asterias panopla, Asterias spitz- 
bergensis, Asterias gunnert, and Asterias normant. On mud: Asterias brandti, 

On Green mud : 
On hard ground, gravel or rock: Asterias 


Asterias belli, Asterias cribraria. Asterias vesiculosa and 
Asterias (Stolasterias) stichantha. 
littoralis, Asterias tenera, Asterias (Leptasterias) compta, Asterias rupicola, 
Asterias hyperborea, Asterias hartii, Asterias (Smilasterias) triremis, Asterias 
On Volcanic sand: 


cunninghami (also on sand), and Asterias acervata. 
Asterias studeri and Asterias contorta. 
Asterias gracilis (also on hard ground), Asterias tanneri (also on mud and 


shells), Asterias versicolor, and Asterias glomerata. 


(Cosmasterias) tomidata. 


The types of the following species are lost and unknown. 


the names should be discarded :— 


Asterias aster, Gray. 


Asterias bootes, Miiller and Troschel. 


On sand: Asterias obtusispinosa, 


On Green sand: Asterias 


I consider, therefore, that 


Asterias echinata, Gray. 
Asterias Wilkinsoni, Gray. 


The species collected by the Challenger are indicated in the above list by an asterisk. 


Chorological Synopsis of the Species herein mentioned. 


| 

Ocean, Range in Fathoms. | Nature of the Sea-bottom. 
Asterias amurensis Pacific. 5 to 25 ae wat 
Asterias cunningham . Atlantic and Pacific. 0 to 55 Rock, kelp, sand. | 
Asterias glomerata Atlantic. 12 to 55 Sand, gravel. | 
Asterias meridionalis . Southern. 10 to 127 Volcanic mud. 
Asterias perriert Southern. 25 to 110 Volcanic mud. 
Asterias rubens . Atlantic. 0 to 53 
Asterias torquata Pacific. 5 to 25 7 
Asterias versicolor Pacific. 8 to 50 Sand. 
Asterias vesiculosa : 4 Eastern Archipelago. 800 Green mud, 
Asterius (Cosmasterias) sulcifera . Pacific. 345 Blue mud. 
Asterias (Cosmasterias) tomidata . Pacific. 45 Green sand, 
Asterias (Smilasterias) scalprifera Southern. 50 to 75 Volcanic mud. | 
Asterius (Smilasterias) triremis Southern. 150 Coarse gravel, | 
Asterias (Hydrasterias) ophidion. Atlantic. 1250 Blue mud. 
Asterias (Leptasterias) compta Atlantic. 18 to 150 Gravel, stones. 
Asterias (Leptasterias) millert . | Atlantic. 53 to 433 a 
Asterias (Stolasterias) africana | Atlantic. 5 to 20 
Asterias (Stolasterias) calamaria . Indian and Pacific. | 0 to 38 
Asterias (Stolasterias) eustyla Atlantic. 100 to 150 56 ‘: 
Asterias (Stolasterias) gemmifera . Pacific. ee Coral reefs. 
Asterias (Stolasterias) glacialis Atlantic. ne coe 
Asterias (Stolasterias) stichantha . Pacific. | 345 Blue mud. 
Asterias (Stolasterias) tenuispina . Atlantic. ee | 
Asterias (Stolasterias) volsellata . Eastern Archipelago. | 95 | 
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A. Asterias rubens group: ASTERIAS vera. 


1. Asterias vesiculosa, n. sp. (P]. XCIX. figs. 1 and 2; Pl. CHI. figs. 9 and 10). 


Rays six. R=8lmm.; r=16mm. R>5,r. Breadth of a ray at the base, 15 to 
16 mm.; breadth about midway between the disk and the extremity, 9 mm. 

Rays elongate, subdepressed, tapering from the base to the extremity, the outer part 
of the ray being narrow and rather attenuate. Disk subdepressed, only slightly inflated ; 
abactinal surface of the rays slightly convex, also slightly convex at the base on the actinal 
surface, the disk being marked with depressions in the actinal interradial lines. Inter- 
brachial arcs acutely angular. 

The abactinal plates are entirely masked. The whole area is beset with isolated, widely 
spaced, short, robust, obtuse spinelets, each of which is encircled by, and appears to pro- 
trude through, a widely expanded puffy vesicle. Occasionally one or more rather large 
pedicellarize may be imbedded. No definite order of arrangement can be detected in the 
disposition of the spinelets. The interspaces betw2en the vesicles are closely crowded 
with numerous large papulz, amongst which pedicellariz are occasionally interspersed, 
and sometimes the latter are borne on a vesicle resembling in miniature that of the 
spinelets. Viewed with the naked eye the whole abactinal surface has a coarse, irregularly 
granular and studded appearance. 

The armature of the adambulacral plates consists of two short, robust, cylindrical, 
slightly tapering, obtuse spinelets, which form two regular longitudinal rows. At the base 
of the innermost spine, and quite within the furrow, are numerous very large forficiform 
pedicellariz. External to the adambulacral plates is a rather wide space covered with a 
thick, puffy, wrinkled membrane, through which protrude a single longitudinal series of 
widely spaced and rather large papule, and this space is bounded at the margin of the 
actinal area by a longitudinal series of plates (probably the representatives of infero- 
marginal plates) upon which are borne one or usually two diagonally placed small 
spinelets, almost hidden in an expansive vesicle beset with isolated pedicellariz. Above 
this series of infero-marginal plates is a wide area which occupies the lateral wall of 
the rays, covered with thick wrinkled skin, punctured with rather numerous papule, and 
bearing, at least near the base of the rays, large forficiform pedicellarie. It is bounded 
superiorly by a regular longitudinal series of plates—the representatives of the supero- 
marginal series—upon each of which is borne a single rather small spinelet, surrounded 
by a large, widely expanded vesicle in which are imbedded from three to five pedicellariz. 
Here and there upon the abactinal surface and elsewhere may be seen isolated and very 
large forficiform pedicellarize usually on a vesicular base. 

The madreporiform body, which is situated about midway between the centre of the 
disk and the margin, has its surface grooved with fine convoluted striations. 
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The ambulacral furrows are wide, and the tube-feet, which are arranged quadriserially, 
have a button-like, centrally invaginated terminal disk. 

Colour in alcohol, a dirty brownish grey, probably indicative of a purplish colour 
when alive. 

Locality.—Station 191. In the Arafura Sea, north-west of the Arrou Islands, Sep- 
tember 23, 1874. Lat. 5° 41’ 0” S,, long. 134° 4’ 30” E. Depth 800 fathoms. Green 
mud. Bottom temperature 39°°5 Fahr. ; surface temperature 82°°2 Fahr. 

Remarks.—Asterias vesiculosa is unlike any of the six-rayed forms at present 
known ; its long, tapering rays, and the peculiar vesiculated character of the abactinal 
and lateral areas, readily distinguish it from the other species. 


2. Asterias meridionalis, Perrier. 
Asterias meridionalis, Perrier, 1875, Révis. Stell. Mus., p. 76 (Archives de Zool, expér., t. iv. p. 340). 


Localities.—Station 149p. Off Royal Sound, Kerguelen Island. Depth 25 and 28 
fathoms. Volcanic mud. 

Station 149r. Off Cape Maclear, Kerguelen Island. Depth 30 fathoms. Volcanic mud. 

Station 149H. Off Cumberland Bay, Kerguelen Island. Depth 127 fathoms. Vol- 
eanic mud. 

Off Kerguelen Island. Depth 10 to 50 fathoms. Volcanic mud. 

Off Marion Island. Depth 50 fathoms. Volcanic sand. 


3. Asterias perriert, Smith. 

Astertas Perriert, Smith, 1876, Ann. and Mag. Nat. Hist., ser. 4, vol. xvii. p. 106; Phil. Trans., 
Zool. Kerguelen Island, 1879, vol. clxviii. p. 273, pl. xvi, figs. 2, 2a, 20. 
Othilia sexradiata, Studer, 1876, Monatsber. d. k. preuss. Akad. d. Wiss. Berlin, p. 458. 

Localities. Station 149p. Off Royal Sound, Kerguelen Island. Depth 25 and 28 
fathoms. Volcanic mud. 

Off Kerguelen Island. Depth 110 fathoms. Volcanic mud. 

Remarks.—The largest of the type examples of this species preserved in the British 
Museum is remarkable from the fact (observed by Mr. Edgar A. Smith) that it “has a cluster 
of some hundreds of young ones clinging to its ventral disk.” On examining this specimen 
recently, with a view to ascertain the nature of the attachment, I came to the conclusion 
that this frequently observed but hitherto unexplained position of the young of certain 
species of Asterias in the region of the mouth is due to the fact that the ovarial tubules are 
ejected through the actinostomial opening, and that the ova then complete their develop- 
ment in situ, the embryos remaining attached to the mother by means of the primitive 
connection of their “larval organ” with the now disintegrated filaments of the ovarial 


membrane. 
(ZOOL, CHALL, EXP.—PART LI.—1888.) 


= 
bo 
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4, Asterias torquata, n. sp. (Pl. CII. figs. 1-4). 


Rays five. R= 76mm.; r=9mm. R>8r. Breadth of a ray at the base, 11°5 
mm. ; breadth at 10 mm. from the base, 15°5 mm., and midway between the disk and the 
extremity, 14 mm. 

Rays long in proportion to the disk, broad and stout, tapering very slightly on the 
inner two-thirds, then rather rapidly on the outer third; abruptly constricted laterally at 
the base, where the rays appear crushed together and give at first sight a false appearance 
of a larger size to the disk than is actually the case. Junction of the base and disk 
marked abactinally by a slight depression, where the rays easily separate, 

The abactinal area is beset with plates which bear single, isolated, short, robust 
spinelets, very slightly tapering and obtusely rounded at the tip. The spines are covered 
fully half their length with a thick membranous sheath which rises perpendicularly and 
terminates abruptly, and its free margin is beset with a regular circlet of large uniform 
forcipiform pedicellariz. Occasionally round the large spines the circlet may be doubled 
or a few additional pedicellarize may be present. The spines are widely spaced, and the 
intervening membrane is naked. It is punctured by numerous papule in groups of 
four or five. In some examples the median radial series of plates is distinctly traceable, 
and may be even conspicuous, in consequence of the presence of two or three spinelets on 
a plate placed in line transverse to the direction of the ray. 

The armature of the adambulacral plates consists of two short, rather delicate, slightly 
tapering, obt usely-tipped, equal spinelets, which form two longitudinal rows. No pedicel 
larize are present. Immediately external to the adambulacral plates is a slightly oblique 
transverse series of three equal spinelets borne on an actinal plate (? infero-marginal) 
which form three longitudinal rows. The spinelets are spaced apart, but rather 
closely ; they are rather longer and much more robust than the armature of the adambu- 
lacral plates, slightly tapering and obtusely tipped, and each is covered with a membranous 
sheath which extends nearly to the tip, terminates abruptly, and bears on the margin at 
the outer side of the spine a few forcipiform pedicellarize which are most numerous on the 
outermost of the three spinelets. This series of spinelets is separated by a very narrow 
space oce upied by papulee, and at wide intervals apart, on the inner part of the ray, by an 
occasional rather large forficiform pedicellaria, from a subregular longitudinal series of 
spinelets, which is perhaps the representative of a supero-marginal series, but is in no way 
distinguishable from the spinelets of the abactinal plates generally, excepting in its more 
regular longitudinal disposition. 

The actinal interradial regions are narrow and devoid of spinelets, but may bear one or 
more forficiform pedicellarie. 

The madreporiform body is distinet and situated close to the margin ; it is surrounded by 
a circlet of well-spaced spinelets, similar in all respects to those on the abactinal surface gene- 
rally, with sheath and pedicellariz. Its surface is grooved with fine convoluted striations. 
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Colour in alcohol, a bleached yellowish grey. 

Locality. —Of Yokohama, Japan. Depth 5 to 25 fathoms. 

Remarks.—This species is characterised by the isolated abactinal spinelets, with the 
high-mounting, abruptly terminating, sheath of membrane surmounted by a wreath of 
pedicellarize, and by the presence of the oblique series of three spinelets on the actinal 
plates immediately external to the adambulacral plates. The general facies of the form is 
different from that of the other pentactinid species of Asterias. 

There is an example of this species in the Leyden Museum, from Japan, collected by 
Von Siebold, which I have had the opportunity of studying through the kindness of the 
late Professor Schlegel and Dr. Jentinck. It is labelled “Asteracanthion rubens,” and is 
stated to have been determined by Troschel ; the presence of examples of that species from 
Japan in the Leyden collection being recorded in the System der Asteriden (p. 17). I 
find two figures, but rather unsatisfactory, of this example on the proof of one of the 
unpublished plates of Echinodermata intended for the “ Fauna japonica” (Echinodermata, 
Tab. vi. figs. 3 and 4). This section, unfortunately, was never completed. Other examples 
of Asterias in the same collection, labelled ‘‘ Asteracanthion rubens,” also brought by Von 
Siebold from Japan, and probably determined at the same time as the above, are the 
Asterias amurensis of Liitken. 


5. Asterias glomerata, n. sp. (Pl. CV. figs. 1-4). 


Rays five. R=95 mm.; r=14mm. R</7r. Breadth ofa ray near the base, 17 mm. 

Rays elongate, thick, robust, broad at the base, tapering to the extremity, which is 
pointed but not attenuated. Lateral walls nearly vertical. Rays slightly convex abac- 
tinally. Disk small, the rays appearing crushed together at their base. Interbrachial 
arcs acute. 

The abactinal plates present no definite order of arrangement, though an irregular and 
often much angulated median radial line may frequently be more or less clearly traced. 
Each plate bears a single, short, moderately robust, truncate spinelet surrounded by from 
five to eight or nine large pedicellaris with vesicular bases, the whole group having the 
appearance of a more or less prominent tuft of coarse papilliform granules, the central 
spinelet being most prominent. In the interspaces between the tufts are numerous, 
closely crowded papule, and large forficiform pedicellariz are present here and there. 
The abactinal area is bounded by a regular longitudinal series of supero-marginal plates, 
which bear a single spinelet and resemble the abactinal plates above described, excepting 
that the spinelet is rather more prominent and more robust, and the encircling group of 
pedicellarize rather larger. In large specimens two spinelets are occasionally present about 
the middle or towards the extremity of the ray. Between the supero-marginal and infero- 
marginal series of plates is a wide space devoid of spinelets, which stands in the vertical 
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lateral wall of the ray, and is occupied by groups of large papulze, six or more in each, and 
an occasional large forficiform pedicellaria. The infero-marginal plates, which stand at 
the angular junction of the actinal and lateral surfaces of the ray, bear normally an 
obliquely placed pair of equal, robust, truncate spinelets, slightly compressed at the tip, 
which have a group of large pedicellarize on their outer side similar to those above de- 
scribed. Between these and the adambulacral plates is a series of isolated spinelets of the 
same size as the oblique pair, but not compressed, and so placed that each appears to form 
a trio with the pair. They bear on their outer side several large pedicellariz, and are 
separated by papulee. 

The armature of the adambulacral plates consists of two equal, short, obtusely tipped, 
cylindrical, skin-covered spinelets, which radiate apart and form two reoular longitudinal 
series. Within the furrow is a series of rather large forficiform pedicellarize on membran- 
ous pedicles, but they are entirely hidden from view when the inner series of spinelets 
on the adambulacral plates are directed towards, or partly over, the furrow. 

The median interradial line, and a space extending on each side, is devoid of spinelets 
or papulze, and is occupied only by a few isolated forficiform pedicellarize which, by their 
form, simulate conical, sharply pointed spinelets. 

The madreporiform body, which is rather near the margin, is difficult to find, being 
often almost hidden by the vesiculated tufts of pedicellarize which surround the spinelets 
borne on the adjacent abactinal plates; there is, however, no special circlet of spinelets 
round the madreporite. 

The ambulacral tube-feet are crowded and quadriserial in arrangement. 

Colour in alcohol, a bleached brownish or yellowish white. 

Localities.—Station 313. Near the Atlantic entrance. to the Strait of Magellan. 
January 20,1876. Lat. 52° 20’ 0” §., long. 67° 390” W. Depth 55 fathoms. Sand. 
Bottom temperature 47°-8 Fahr. ; surface temperature 48°°2 Fahr. 

Station 315. Port William, Falkland Islands. January 26,1876. Lat. 51° 40’ 0”S., 
long. 57° 50’ 0” W. Depth 12 fathoms. Sand, gravel. Surface temperature 50°0 Fahr. 

Remarks.—This species presents a close resemblance in its general habit to Asterias 
meridionalis, but is distinguished by having only five rays, by the tuft-like character of 
the abactinal spinelets with the vesiculated pedicellariee, and by the regular presence of an 
intermediate series of well-developed spines, with pedicellarize, between the infero-mar- 
ginal and adambulacral spines. 


6. Asterias rubens, Linné. 


Asterias rubens, Linné, 1766, Systema Nature, ed. xii. p. 1099. ] 
Asterias glacialis, Pennant, 1777, British Zoology, vol. iv. p. 60. . 
Asterias clathrata, Pennant, 1777, British Zoology, vol. iv. p. 61. 

Asterias holsatica, Retzius, 1805, Dissert. sist. spec. cog. Asteriarum, p. 22 
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Asterias minuta, Retzius, 1805, Dissert. sist. spec. cog. Asteriarum, p. 24. 

Stellonia rubens, Nardo, 1834, De Asteriis, Oken’s Isis, p. 716. 

Asteracanthion rubens, Miiller and Troschel, 1840 (April), Monatsber. d, k. preuss. Akad. d. Wiss, 
Berlin, p. 102. 

Uraster rubens, Forbes, 1841, Hist. Brit. Starfishes, p. 83. 

Locality.—“ Knight Errant” Expedition : 

Station 3. Off the Island of North Rona. August 3 and 4,1880. Lat. 59° 12’ N., 
long. 5° 57’ W. Depth 53 fathoms. 

Remarks.—One of the examples (a large specimen) obtained at this station is remark- 
able for the elongation and attenuation of the rays, and for the comparative paucity and 
smallness of the abactinal spinelets. These are minute, conical, and almost hidden in the 
membrane. The margin of the abactinal area is bounded by a regular and prominent line 
of spinelets, and the median radial line is also more or less regular. The other spinelets 
are quite irrecular in disposition, and though moderately numerous, are inconspicuous in 
consequence of their small size. The sides of the rays are deeper and more perpendicular 
than usual, The lateral spines, borne on the infero-marginal plates, are two or three in 
number, and are placed obliquely. No spines are present on the sides of the ray between 
these spines and the supero-marginal series, and there are no spines between the infero- 
marginal series and the adambulacral spines. orficiform pedicellariz are very numerous 
on the adambulacral spines, especially on the inner portion of the furrow, also on the sides 
of the ray. They are smaller and less numerous on the abactinal area. Forcipiform pedi- 
cellarize are comparatively scanty, a few occurring at the base of the supero-marginal 
spines and a greater number at the base of the lateral or infero-marginal spines; and a few 
are irregularly distributed over the abactingl area. This specimen in some respects simu- 
lates the habit of Asterias glacialis in a striking manner. Other examples dredged at 
the same locality are quite normal in character and appearance. 


7. Asterias versicolor, n. sp. (Pl. CIV. figs. 1-4). 

Rays five. R= 71mm.;7r=19mm. R<4~r. Breadth of a ray near the base, 
22 mm. 

Rays well produced, broad, slightly constricted laterally at the base, tapering gradually 
to a pointed extremity, subdepressed, abactinal surface convex, actinal surface more or less 
flat, margin angular. Interbrachial ares acute. Disk well developed, convex. 

The abactinal area is covered with moderately robust plates which form a subregular, 
rather widely meshed network. Upon the plates are borne widely spaced, isolated, short 
spinelets. A median radial series is more or less clearly indicated, but is rarely continuous 
or regular, and two intermediate irregular series are present on each side between the 
median radial line and the marginal series of plates. The spines, which are robust and 
truncate, often channelled near the tip, and sometimes slightly crenulate and denticulate, 
occupy the centre of a low but rather broad and slightly convex boss; at the base of the 
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spine are a number of small forcipiform pedicellarize, which form an ill-defined wreath, and 
on the boss are distributed a number of isolated, small forficiform pedicellariz. In the 
interspaces or meshes of the network are numerous thin, pointed papule, and a few small 
forficiform pedicellarie are interspersed. A regular longitudinal row of plates form the 
margin of the abactinal area, which I consider to be the representatives of supero-marginal 
plates. Each bears a single short, robust, truncate spinelet, which is distinctly chan- 
nelled or gauge-shaped, and at the base, on the abactinal side, is a moderately thick half- 
wreath of forcipiform pedicellarie. There are seldom any of these found on the actinal 
side, but several forficiform pedicellarize may be there instead. In some examples two 
spines placed diagonally, or even three spines, may be present on a greater or less number 
of the plates, usually only here and there, and never continuous throughout the ray or 
sufficient to form the crowded margin characteristic of Asterias amurensis. 

The actinal area of the ray, which extends from the supero-marginal plates above 
described to the adambulacral plates, is broad and bears midway one double longitudinal 
series of spines, composed of spines standing in oblique, well-spaced pairs. The spines 
are equal, robust, truncate, often channelled, and are accompanied on their outer side by 
a little tuft of forcipiform pedicellarie. In the wide space on each side of this median 
series of spinelets are numerous papulee and a few isolated forcipiform pedicellariz. 

The armature of the adambulacral plates consists of one spine and two spines alter- 
nately, so arranged that at first sight there appears to be a single series only ; the single 
spine and the outer spine of the pairs standing erect and forming a straight regular series, 
whilst the inner spine of the pairs is placed high in the furrow, and directed horizontally 
between adjacent tube-feet, and is in consequence generally hidden. The inner spine of 
the pairs is more delicate than its companion. The outer spine and the solitary spine are 
equal in size, slightly compressed, truncate at the tip, and sometimes channelled, at least 
near the mouth ; on the outer part of the ray they are more tapering. ‘Three or four 
small, elongate, forficiform pedicellarie: are attached near the tip on the outer side of all 
these spinelets. 

The ambulacral tube-feet are quadriserially arranged. 

The madreporiform body is circular, and is placed rather nearer the margin than the 
centre of the disk. Its surface is slightly convex, and is marked with very fine striations 
which radiate centrifugally with considerable regularity. There are no spinelets round 
the periphery of the organ, but two or three isolated forficiform pedicellarie may be 
present. 

Colour in alcohol, a bleached yellowish white on the actinal surface; on the abactinal 
surface the spinelets and an area round their base occupied by the slightly convex boss are 
a bleached yellowish white, but the interspaces are a uniform dark chocolate brown, the 
sharply defined colouration giving a very striking character to the species. In one example 
the whole abactinal surface, excepting only the tips of the spinelets, is a uniform rich dark 
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chocolate brown, the colour extending on the actinal surface up to the median longi- 
tudinal series of spines borne on the infero-marginal plates. 

Young Phase-——In the young form of this species the rays are not so strikingly 
angular at the margin as in the adult. In a small example in which R measures 10 mm., 
the armature of the adambulacral plates appears to form only a single series. The two 
obliquely placed spines on the infero-marginal plates which form the conspicuous inter- 
mediate series on the actinal surface of the adult, are at this stage quite at the margin, 
and the spines appear large and robust in relation to the size of the starfish. The supero- 
marginal plates bear each a single spinelet. The spinulation of the abactinal surface 
already shows the character of the adult. 

In a rather larger stage, when R measures.15 mm., a second spinelet is beginning to 
be developed on alternate adambulacral plates, but it is as yet only very small, and the 
inner spinelet on these plates is more inclined over the furrow than the single spinelet on 
the alternate plates, which causes the appearance of two alternating series of spinelets. 
The infero-marginal spines have not yet left their marginal position. 

Locality.—Stations 233 and 2334. Off Kobé and Awadji Sima, Japan. Depth 8 to 
50 fathoms. Mud and sand. 

Remarks.—This species is a near ally of Asterias amurensis; the difference, however, 
in the armature of the supero-marginal plates, the character of the adambulacral armature, 
and the prominence of the abactinal spinelets appear to me to justify their being regarded 
as distinct species. 


8. Asterias amurensis, Liitken. 


Asterias amurensts, Liitken, 1876, Videnskab. Medd. naturh. Foren. i Kjobenhavn, p. 296. 


Locality.— Yokohama, Japan. Depth 5 to 25 fathoms. 

Remarks.—I have referred several specimens collected at Yokohama to Liitken’s 
species, although they do not seem to present some of the characters mentioned in his 
description so strongly marked as in the types which I had the opportunity of examining 
in Copenhagen, and in other examples which I have seen elsewhere. They appear to me 
to hold an intermediate position in some respects between the typical form of Asterias 
amurensis and Asterias versicolor, and I am inclined to think that they may represent 
a locational variety. ‘The species, however, is one which shows considerable variation, and 
I do not feel that the material at my disposal is sufficient to enable me to do more at 
present than place on record the opinions above expressed. 

It is probable that some of the starfishes from Japan which have been referred to 
Asterias rubens belong either to Asterias amurensis or Asterias versicolor; and others 
are examples of the species described above (p. 570) under the name of Asterias torquata. 
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9. Asterias cunninghanw, Perrier. 


Asterias Cunningham, Perrier, 1875, Révis. Stell. Mus., p. 75 (Archives de Zool. expér., t. iv. p. 339). 


Localities —Station 313. Near the Atlantic entrance to the Strait of Magellan. 
January 20, 1876. Lat. 52° 20’ 0” S., long. 67° 390” W. Depth 55 fathoms. Sand. 
Bottom temperature 47°°8 Fahr. ; surface temperature 48°°2 Fahr. 

Station 315. Port William, Falkland Islands. January 26,1876. Lat. 51° 40’ 0”S., 


ee Oo 


long. 57° 500” W. Depth 12 fathoms. Sand, gravel. Surface temperature 50°°0 Fahr. 


B. Asterias sulcifera group : Subgenus COSMASTERIAS, nov. 
10. Asterias (Cosmasterias) tomidata, n. sp. (Pl. CV. figs. 8-10). 


Rays five. R=92 mm.; r=19 mm. R<5r. Breadth of a ray near the base, 
21mm. Larger examples are in the collection, which measure about R= 110 mm., but 
are too much contorted in their present state for careful measurement. 

Rays elongate, robust, inflated, tapering gradually from the base to the pointed ex- 
tremity, which is rather attenuate. Disk rather small, more or less inflated, with deep 
contracted sulci on the outer part of the median interradial lines, the rays appearing 
closely crushed together at their base, and causing the disk to seem smaller than is really 
the case. At the base of the ray there is sometimes a transverse depression, emphasising 
the distinction of disk and ray. The interbrachial ares are acute. 

The abactinal area is covered with rather small plates, amongst which five recular 
longitudinal series may be defined, and two less regular series on each side of the median 
radial series. The median radial series forms a slightly raised rib which proceeds from 
the disk to the extremity, and each of the plates bears three or four small, short, trun- 
cate spinelets, with crowded membranous vesicles at their base. These spinelets are not 
definitely arranged, although their general disposition forms an irregular transverse series. 
Small isolated forcipiform pedicellarize are present with each group. On the small plates 
which succeed the median radial series there are not more than one or rarely two 
spinelets, and small isolated forcipiform pedicellarie. Owing to the small size and the 
irregularity in position of these plates, the spinelets in this region have a tendency to form 
an indistinct reticulation. The plates of the two succeeding series, which form regular 
longitudinal lines along the ray, may bear two or three spinelets, accompanied by isolated 
forcipiform pedicellaria. Between the outermost series of these plates and the adambu- 
lacral plates there are at the base of the ray about four longitudinal series of small con- 
tingent plates, which bear larger and more robust spines than elsewhere on the test. At 
the base of the ray these actinal spines form transverse series of four, but doubling is not 
unfrequent, and the arrangement shows a tendency to fall into oblique pairs ; and on the 
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outer part of the ray there are probably not more than one or two of these pairs, or even 
single spines, present. 

The papular areas, which contain numerous papulz, form regular longitudinal lines 
along the ray, except amongst the irregularly disposed plates, and there is frequently 
placed near their margin a large, coarse, subtriangular, forficiform pedicellaria, very blunt 
and broad at the apex, having on its margin four or five coarse interlocking den- 
ticles. 

The armature of the adambulacral plates consists of two rather short, slightly com- 
pressed, slightly tapering, obtusely pointed, equal spinelets, which radiate apart and form 
two regular rows. At the base of the innermost, and placed quite within the furrow, are 
a number of small forficiform pedicellariz. 

The madreporiform body is small and rather nearer the margin than the centre of the 
disk. Its periphery is surrounded by a close circlet of sixteen or more short equal 
spinelets with vesicles at their base, and a few small forcipiform pedicellariz. 

The ambulacral tube-feet are quadriserially arranged, and have a deeply invaginated 
terminal fleshy disk. 

Colour in alcohol, a bleached yellowish white. 

Locality.—Station 304. South of Port Otway, Gulf of Pefias. December 31, 1875. 
Lat. 46° 53’ 15” S., long. 75° 120” W. Depth 45 fathoms. Green sand. Surface tem- 
perature 57°°2 Fahr. 

Remarks.—This species appears to be nearly allied to Asterias spectabilis, Philippi, 
sp., with which I at first supposed it to be identical. After a careful study of the series 
of specimens collected by the Challenger, however, this seems to be impossible, so far as 
I can judge from Dr. Philippi’s description alone, for no figures are given, and I have not 
been able to find any authenticated examples of his species in European collections. 

Notwithstanding the many points in which the description! of Asterias spectabilis 
coincides with the present form, it is stated that the plates of the third series of abactinal 
plates from the median series bear only single spines, whereas in the Challenger examples 
above described three or more are always present. The pedicellaria in Asterias spec- 
tabilis are stated to be very numerous, and apparently smaller than in the allied species, 
neither of which remarks seem to me applicable to Asterias (Cosmasterias) tonudata ; 
furthermore, no mention is made of the comparatively numerous and extraordinarily large 
forficiform pedicellariz, which could not possibly have escaped the eye of such a careful 
observer as Dr. Philippi had they been present in his form. On these grounds I consider 
the species to be distinct. It is not without great reluctance that I have added a new 
specific name to the already long list of Chilian forms which have a place in literature, 
but any of which I have failed to recognise definitely amongst the numerous series 
collected in that region that I have examined. 

1 Archiv f. Naturgesch., 1870, Jahrg. xxxvi., Bd. i. p. 271. 
ZOOL. CHALL, EXP,—PART LI.—1888.) 
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11. Asterias (Cosmasterias) sulcifera (Valenciennes, M.S.), Perrier. 

Asteracanthion sulcifer (Valenciennes, M.S.), Perrier, 1869, Ann. Sci. Nat., 5e Série, t. xii. p. 235, 
pl. 1, figs. 14, a, 0, ¢. 
Asterias sulcifer, Perrier, 1875, Révis. Stell. Mus., p. 58 (Archives de Zool. expér., §. iv. p. 322). 

Locality.—Station 306a. In the Messier Channel, between Wellington Island and 
the west coast of Chili. January 2, 1876. Lat. 48° 27’ 0” &., long. 74° 30’ 0” W. 
Depth 345 fathoms. Blue mud. Bottom temperature 46°0 Fahr. ; surface temperature 
57°°5 Fahr. 

Remarks.—There are several large examples from the Messier Channel which I have 
referred to this species. They accord exactly with the description given by Perrier, and 
appear to me to resemble more closely the type specimens preserved in the Jardin des 
Plantes, at Paris, than those in the British Museum. It is not improbable that the latter 
may have to be ranked as a variety. The differences affect the number and size of the 
spinelets—characters, however, in which nearly every example shows some variation. 


C. Asterias scalprifera group: Subgenus SMILASTERIAS, nov. 


12. Asterias (Siilasterias) scalprifera, n. sp. (Pl. C. figs. 4-6; Pl. CIIL. figs. 1 and 2). 

Rays five. R= 58mm.;7=8mm. R>7~7._ Breadth of a raya little beyond the 
base, 11°5 mm. 

Rays elongate, subcylindrical, rather swollen near the base, but not abruptly, thence 
tapering gradually to the extremity. Disk small, convex and high. Interbrachial ares 
acutely angular, the rays appearing to be crushed together at the base. 

The abactinal area is beset with small plates, the majority of which are nearly as long 
as broad. A median radial series of plates rather larger than the others proceeds regularly 
and uninterruptedly from the disk to the extremity. The plates on each side of this can- 
not be said to form regular longitudinal lines, though a tendency towards this arrangement 
appears to be present ; a transverse correspondence of the plates is much more distinctly 
traceable. The plates bear a number of small, low, round-tipped, equal, papilliform spinelets, 
which are widely spaced upon the plate, and amongst them are large forcipiform pedicellariz 
widely spaced and isolated, and nearly as large as the spinelets, from which they can only 
be distinguished by careful examination with a magnifying-glass. No definite order of 
arrangement of the spinelets and pedicellariz on the plates is to be observed, but owing 
to the presence of indistinct transverse wrinkles and sutures, and the transverse corre- 
spondence of plates above mentioned, a certain general transverse character is given to the 
disposition of the spinulation as a whole. One or two papule are present in the inter- 
spaces between the plates. 

The armatwre of the adambulacral plates consists of three spinelets closely placed at 
the base, but radiating a little apart, and forming a transverse and very slightly oblique 
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series on each plate. The spinelets are equal in length, slightly compressed, broad, chisel- 
shaped, and truncate at the tip. 

Immediately external to the adambulacral plates follows a series of actinal (? infero- 
marginal) plates, upon which are borne four spinelets, closely placed at the base, radiating 
slightly apart, forming a very oblique series upon the plate, the base line being at an 
angle of 45° to the margin of the furrow; these spinelets are equal, broad, more compressed 
than those on the adambulacral plates, slightly flaring, chisel-shaped, and truncate at the 
tip. No pedicellariz are associated either with these spinelets, or with those forming the 
armature of the adambulacral plates. This series of actinal (?infero-marginal) plates is 
separated from the next above by a narrow space in which papule are present. The suc- 
ceeding series, which is perhaps the representative of a series of supero-marginal plates, 
forms a regular longitudinal line, and the spinulation of the plates is precisely similar to 
that on the abactinal plates generally, excepting that a single spinelet near the inferior 
edge of each plate is a trifle longer and is flattened, truncate and chisel-shaped at the tip, 
simulating in miniature the chisel-shaped spines on the actinal and adambulacral plates. 
This single spine on each plate forms a regular series along the ray, but is so small that 
it is scarcely noticeable without a magnifying-glass. 

The madreporiform body, which is remarkably small and situated near the margin at 
the summit of the almost vertical interbrachial arc, is surrounded by a closely packed 
circlet of rounded papilliform spinelets. It is elliptical or circular in shape, and the 
surface, which is slightly concave, is grooved with fine radiating striations. 

Colour in alcohol, greyish white, with traces of a purplish colour on the abactinal sur- 
face in the case of a large example. In a smaller specimen the purple colour is more fully 
preserved. 

Localities. —Off Marion Island. Depth 50 fathoms. 

Station 151. Off Heard Island. February 7, 1874. Lat. 52° 59’ 30” S., long. 
73° 33’ 30” E. Depth 75 fathoms. Volcanic mud. Surface temperature 36°:2 Fahr. 

Remarks.—This species is distinguished by the transverse series of three flattened 
spinelets on the adambulacral plates, and by the presence of the remarkable obliquely 
placed combs of four flattened spinelets on the infero-marginal plates. The character of 
the abactinal plating and spinulation is also characteristic, and produces a habit distinetly 
different from that of any other species except Asterias (Smilasterias) triremis. 


13. Asterias (Smilasterias) triremis, n. sp. (P), Cl. figs. 5 and 6; Pl. CII. figs. 5 and 6). 
Rays five. R=35mm.; 7r=5' mm. R>67r. Breadth of a ray at the base about 


7 mm. 
Rays elongate, tapering, convex, and apparently subcylindrical abactinally, but flattened 
actinally. Disk small and convex, often more or less tumid and higher than the base of 


the rays. Interbrachial ares acute. 
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The abactinal area is covered with small plates, the major diameter of which is usually 
transverse in relation to the ray, showing a more or less distinct tendency to form 
longitudinal series along the ray. A median radial series is more or less indistinctly indi- 
cated by a faint ridge, and on the sides of the rays a regular arrangement in longitudinal 
as well as transverse series occurs. Several small, uniform, papilliform spinelets are borne 
on each plate, well spaced apart, and several small forcipiform and forficiform pedicellarize 
which at first sight can hardly be distinguished from the spinelets; the whole forms a 
uniform papillose covering to the abactinal surface in which no definite order of arrange- 
ment can be detected. On the plates that I consider to be the representatives of the 
supero-marginal plates there are generally one or two spinelets definitely placed, which 
may stand as an oblique pair,‘the series forming a regular longitudinal line along the 
ray. Between the supero-marginal and the infero-marginal plates, there are on the 
inner part of the ray in large examples one or two series of intermediate plates, separated 
by papulz, the spinelets on which show a tendency to fall in lineal transverse series. On 
the abactinal area generally single papule occur between the plates. 

The infero-marginal plates, which stand at the junction of the lateral and actinal 
areas, form a regular longitudinal series along the ray. Each plate bears an oblique series 
of three short, compressed, flaring, truncate, chisel-shaped spinelets, which radiate slightly 
apart, and form an oblique comb at the margin of the ray. Sometimes the truncate 
extremity of the spinelet is more or less crenulate or denticulate. 

The adambulacral plates are contingent on the infero-marginal plates. Their armature 
consists of two moderately robust, equal spinelets, which stand one behind the other and 
radiate apart, forming two regular longitudinal series on each side of the furrow. The 
outer spine of the pair is usually more or less compressed and chisel-shaped, resembling 
the spinelets on the infero-marginal plates, but is not so broad ; the inner spine, on the 
other hand, is generally subcylindrical, tapering, but rather obtusely pointed, and skin- 
covered. At the base of the inner series of spines, and rather high in the furrow, is a 
series of small forficiform pedicellaria. Occasional isolated forficiform pedicellarie are 
present between the outermost spines on the adambulacral plates and the comb of spines 
on the infero-marginal plates. And one or even more very large robust forficiform pedi- 
cellariz may not infrequently be found in the narrow actinal interradial area behind the 
mouth-plates. Several large forficiform pedicellariee with broad, curved, denticulated, 
interlocking extremities, may generally be found on the disk at the summit of the inter- 
brachial are. 

The madreporiform body is small, and situated near the margin of the disk. ° It is 
grooved with comparatively few, coarse, convoluted striations, and its periphery, which is 
circular, is surrounded by a circlet of spinelets. ; 

The ambulacral furrows are wide, and the tube-feet, which have a fleshy terminal disk, 
are quadriserially arranged. 
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Colour in alcohol, a bleached ashy grey or white, with occasional darker tints sugges- 
tive of a violet colour during life. 

Locality.—Station 150. Between Kerguelen and Heard Islands. February 2, 1874. 
Lat. 52° 4’ 0” S., long. 71° 220” BE. Depth 150 fathoms. Coarse gravel. Bottom 
temperature 35°°2 Fahr.; surface temperature 37°°5 Fahr. 

Remarks.—This species is nearly allied to Asterias (Smilasterias) scalprifera, but is 
distinguished by the smaller habit, by the more compactly papillose character of the 
abactinal spinulation, and by the constant presence of only three spines in the oblique 
combs on the infero-marginal plates, and only two spines in the armature of the adambu- 
lacral plates, irrespective of the size of the example. I was at first inclined to think 
that this form might perhaps be the young stage of Asterias (Smilasterias) scalprifera, 
but the constancy of the characters above noted throughout the large series of examples 
collected appear to me, after a careful study, to warrant the recognition of Asterias 


(Smilasterias) triremis as a distinct species. 


D. Asterias ophidion group: Subgenus HypRASTERIAS, noy. 


14. Asterias (Hydrasterias) ophidion, n. sp. (Pl. XCIX. figs. 3 and 4; Pl. CILL. figs. 
3 and 4). , 

Rays six. R=51 mm.; r=7 mm. R>7?r._ Breadth of a ray at the base, 6°5 
mm. ; greatest breadth a little beyond the base, 7°5 mm.; breadth about midway between 
the base and the extremity, 5 mm. 

Rays elongate, narrow, cylindrical, slightly inflated near the base, tapering gradually 
to the extremity, which is pointed and attenuate. Disk small, not higher than the base of 
the rays. Interbrachial arcs acutely angular, the rays appearing to be crushed together at 
the base. 

The abactinal skeleton is composed of very narrow plates, which form a delicate wide- 
meshed network. The meshes are large, more or less quadrate in general form, and their 
major diameter is transverse in relation to the direction of the ray. A thin, band-like 
median radial line of plates may be indistinctly traced. _ The abactinal plates bear at wide 
intervals apart, short, isolated, delicate, tapering, skin-covered, microscopic spinelets. 
The spinelets upon the disk are much more robust than those on the rays and more 
closely placed. On the membrane which covers the meshes are borne numerous, but 
widely spaced, isolated, uniform, forcipiform pedicellarize, the whole giving a wide-spaced 
granular appearance to the surface when viewed with the naked eye. Papule appear to 
be very few in number, small and difficult to distinguish, and probably not more than 
one is present in a mesh. 

The armature of the adambulacral plates consists of two short, comparatively robust, 
skin-covered spinelets on each plate, forming a transverse pair, very close together and 
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slightly oblique. On the margin of the adambulacral furrow, at the base of the innermost 
adambulacral spine, may be one or more small sessile, triangular, forficiform pedicellarie, 
not larger than the forcipiform pedicellarize on the abactinal and lateral areas. 

There is a longitudinal series of plates immediately external to the adambulacral 
plates, which bear a single spinelet a shade larger than those on the abactinal plates and 
numerous forcipiform pedicellariz ; the spinelets form a regular longitudinal row along 
the ray. At the base of the ray the innermost four or five spinelets may be longer than 
any of the others. Separated from these plates (? the representatives of infero-marginals) 
by a wide space occupied by numerous forcipiform pedicellarize, a second but much less 
clearly defined longitudinal series of plates may be indistinctly traced, which are perhaps 
the representatives of supero-marginal plates, but differ in no way either in superficial 
character or armature from the abactinal plates generally, except that they sometimes 
bear two spinelets side by side. 

The madreporiform body, which is large and placed near to the margin, is surrounded 
by a circlet of spinelets. The striations upon its surface are rather coarse and not much 
convoluted. 

Colour in alcohol, a bleached yellowish white. 

Locality.—Station 50. South of Halifax, Nova Scotia. May 21, 1873. Lat. 42° 8’ 
0” N., long. 63° 39’ 0” W. Depth 1250 fathoms. Blue mud. Bottom temperature 38°°0 
Fahr. ; surface temperature 45°°0 Fahr. 

Remarks.—Asterias (Hydrasterias) ophidion is distinguished by the six long worm- 
like rays; by the delicate, wide-meshed quadrate network of the abactinal area; by the 
few and isolated spinelets ; by the isolated pedicellariz ; and by the diplacanthid armature 
of the adambulacral plates. 


K. Asterias miillert group: Subgenus LEPTASTERIAS. 


15. Asterias (Leptasterias) miilleri, Sars, sp. 
Asteracanthion Muilleri, Sars, 1844, Archiv f. Naturgesch., Jahrg. x., Bd. i. p. 169; Fauna Litt. 
Norvegix, 1846, Iste Hefte, p. 56, tab, 8, figs. 38, 39; Oversigt af Norges Echinodermer, 
Christiania, 1861, p. 88. 
Asterias Miilleri, Norman, 1865, Ann. and Mag. Nat. Hist., ser. 3, vol. xv. p. 127. 
Leptasterias Miilleri, Verrill, 1866, Proceed. Boston Soc. Nat. Hist., vol. x. p. 350. 
Localities, —“ Porcupine” Expedition : 
Station 67. East of the Shetland Islands. Lat. 60° 32’ 0” N., long. 0° 29’ 0” W. 
Depth 64 fathoms. Bottom temperature 9°°5 C.; surface temperature 11°-0 C. 
Station 68. East of the Shetland Islands. Lat. 60° 23’ 0” N., long. 0° 33’ 0” E. 
Depth 75 fathoms. Bottom temperature 6°°7 C.; surface temperature 11°-4 C. 
Station 82. In the Faerde Channel. Lat. 60° 0’ 0” N., long. 5° 13’ 0” W. Depth 
312 fathoms. Bottom temperature 5°2 C.; surface temperature 11°'2 C. 
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* Knight Errant” Expedition : 

Station 3. Off the Island of North Rona. August 3 and 4,1880. Lat. 59° 12’0”N., 
long. 5° 57’ 0” W. Depth 53 fathoms. 

“Triton” Expedition : 

Station 5. In the Faerde Channel. August 10,1882. Lat. 60° 11’ 0” to 60° 20’0” N., 
long. 8° 15’ 0” to 8° 870” W. Depth 433 to 285 fathoms. Bottom temperature 43°°5 to 


40°°8 Fahr. 


16. Asterias (Leptasterias) compta, Stimpson. 


Asterias compta, Stimpson, 1861, Proc. Boston Soc. Nat. Hist., vol. viii. p. 270. 
Leptasterias compta, Verrill, 1866, Proc. Boston Soc, Nat. Hist., vol. x. p. 350. 


Locality.—Station 49. South of Halifax, Nova Scotia. May 20, 1873. Lat. 
43° 3’ 0” N., long. 63° 39’ 0” W. Depth 85 fathoms. Gravel, stones. Bottom tempera- 
ture 35°°0 Fahr. ; surface temperature 40°-5 Fahr. 

Remarks.—lI have referred a series of examples from Station 49 to this species. The 
form appears to be very closely allied to Asterias tenera, but I have not seen a sufficient 
number of specimens of the latter species to warrant a more definite expression of opinion 
as to their specific relationship. 


F. Asterias tenuispina group: Subgenus STOLASTERIAS, nov. 


17. Asterias (Stolasterias) gemmifera (Valenciennes, M.S.), Perrier. 
Asteracanthion gemmifer (Valenciennes, M.S.), Perrier, 1869, Ann. Sci. Nat., 5e Série, t. xii. p. 237, 
pl. i., figs. 12 a,t, c. 
Asterias gemmifer, Perrier, 1875, Révis. Stell. Mus., p. 46 (Archives de Zool. expér., t. iv. p. 310). 


Locality. —Off Kandavu, Fiji Islands. On the reefs. 


18. Asterias (Stolasterias) tenuispina, Lamarck. 
Asterias tenuispina, Lamarck, 1816, Hist. nat. anim. s. vert., t. il, p. 561. 
Asterias Savarest, Delle Chiaje, 1825, Memorie sulla stor. e not. Anim. s. vert. Napoli, vol. ii. p. 357, 
tav. xvill. fig. 6. 
Echinaster Doriz, Filippi, 1859, Revue et Mag. de Zoologie, 2e Série, t. xi. p. 63. 
Echinaster tribulus, Filippi, 1859, Revue et Mag. de Zoologie, 2e Série, t. xi. p. 64. 
Asterias glacialis, Grube, 1840, Actin. Echin. u. Wiirmer d. Adriat. u. Mittelmeers, p. 23. 
Asteracanthion tenuispinus, Miiller and Troschel, 1842, System der Asteriden, p. 16. 
2 Asterias atlantica, Verrill, 1871 (1868), Trans. Conn. Acad. Arts and Sci., vol. i. part 2, p. 368, 


Locality.—Off Bermuda. On the reefs. 


19. Asterias (Stolasterias) calamaria, Gray. 


Asterias calamaria, Gray, 1840, Ann. and Mag, Nat. Hist., vol. vi. p. 179. 
Asteracanthion calamaria, Miiller and Troschel, 1842, System der Asteriden, p. 19. 
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Coscinasterias muricata, Verrill, 1871 (1867), Trans. Conn. Acad. Arts and Sci., vol. i. part 2, p. 249. 
Asteracanthion australis, Perrier, 1869, Ann. Sci. Nat., 5e Série, t. xii. p. 220. 
Asterias Jehennesti (Valenciennes, M.S.), Perrier, 1875, Révis. Stell. Mus., p. 47 (Archives de Zool. 
expér., t. iv. p. 311). 
Localities. —Off Port Jackson. Depth and conditions not recorded. 
Station 162. Off East Moncceur Island, Bass Strait. April 2,1874. Lat. 39° 10’ 30” 
S., long. 146° 37’ 0” E. Depth 38 fathoms. Sand and shells. Surface temperature 


63°°2 Fahr. 


20. Asterias (Stolasterias) volsellata, n. sp. (Pl. CVII. figs. 1-4). 

Rays eleven. R=128 mm.; r=10 mm. R<137. Breadth of a ray at the base, 
7mm; breadth about midway between the disk and the extremity, 5 mm. 

Rays elongate and narrow, tapering gradually to the extremity, the outer part being 
very delicate and attenuate. Abactinal surface of the rays slightly arched and faintly 
carinate; lateral walls high and vertical. Disk small, depressed, and well defined, the 
rays readily becoming detached. Interbrachial ares acute. 

The skeletal plates of the rays, which are narrow and delicate, are disposed with great 
regularity. They form a median radial series, a supero-marginal series which bounds the 
abactinal area, and an infero-marginal series which is contingent on the adambulacral 
plates. Between these five regular longitudinal series of plates are transverse bars of 
similar plates at subequal distances apart which form large quadrangular meshes, covered 
with a thin delicate membrane. The plates in the longitudinal series, which stand at the 
place of junction with the transverse bars, may be more or less cruciform, and bear a single 
elongate and very delicate needle-like spine, the longest near the base of the ray measuring 
about 4 mm.; the spinelets are about 4 mm. apart. The base of the spine is invested 
with a short membranous sheath, which is surmounted by a thick, densely crowded wreath 
of forcipiform pedicellariz, the spinelet appearing as if passing through a globular mass 
of these bodies. On the outer part of the ray the abactinal plates become very small and 
quite aborted in character, the transverse bars which stretch from side to side being fre- 
quently the most conspicuous, and then closely resemble the transverse bars of plates 
occurring in Brisinga; the wide intervening spaces covered only with semitransparent 
membrane enhance the striking similarity. At the base of the ray the membrane which 
covers the meshes is punctured with numerous small papule congregated in groups, 
several. groups being present in each mesh. Several rather large, elongate, isolated forfici- 
form pedicellarie are borne upon the membrane, amongst and between the groups of 
papule. There are also a number of very large forficiform pedicellarize, having the jaws 
broad, curved and expanded at the tips, which are armed with several large, interlocking 
denticles ; these comparatively gigantic pedicellarize are generally placed singly at or near 
the base of the-large spinelets, and the frequency of this position leads to the supposition 
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that their presence is in relation to the encircling wreath of forcipiform pedicellariz at the 
base of the spines. 

The adambulacral plates are very small, and their armature consists of a single short, 
delicate, tapering spinelet about 1:5 mm. long, or a trifle more, the series of which forms a 
regular longitudinal line on each side of the furrow. At the base of these spines and quite 
within the furrow is an irregular and often interrupted series of small forficiform pedicel 
lariz, generally more or less pedunculated. 

The ambulacral furrows are wide, and the tube-feet, which have a very small, button- 
hke terminal disk, are biserial in arrangement at the base and on the outer part of the 
ray, but are crowded and assume an alternating quadriserial arrangement about the middle 
of the ray. 

The actinostome is very wide, measuring about 11 mm. in diameter, and there is a 
broad exposed buccal membrane. 

The madreporiform body, which is rather small and inconspicuous, is situated nearer 
the margin than midway between the centre and the margin, and its surface is marked 
with fine convoluted striations. 

The anal aperture is large and excentric in position. 

Colour in alcohol, a bleached ashy white. 

Locality.—Near Zebu, Philippine Islands. January 19, 1875. Depth 95 fathoms. 

Remarks.—The resemblance of this form to Brisinga at first glance is very striking. 
The small, well-defined, button-like disk, the long narrow and easily detachable rays, the 
simplicity of the skeletal framework, and the widely expanded actinostome at once recall 
that group of starfishes. On the other hand, the structural affinities of Asterias (Stolas- 
tertas) volsellata clearly point in the direction of Asterias (Stolasterias) tenwispina, 
Asterias (Stolasterias) calamaria, and their allies, and although there is much tempta- 
tion to recognise the striking features of the external form above referred to by placing 
the species in a distinct genus, [ do not after careful study feel justified in taking this step 
on the strength of the single example at my disposal. 

Although I am quite disposed to think that the group of species of which Asterias 
tenuispina is the type will ultimately be separated as an independent genus, which may 
well be called Stolasterias, I prefer at present to treat them as I have done other groups 
considered in this Report, and to rank them provisionally only as a subgenus, until more 
is known of the anatomy of the various constituents of the present genus Asterias, and 
the partition can be undertaken on a sounder and more definite basis than is yet possible. 

Apart altogether from these considerations, Asterias (Stolasterias) volsellata furnishes 
a highly interesting link between the Asteriide and Brisingidz, and shows that the two 
families are not so widely separated as they were at one time considered to be. I am 
inclined to think that the Brisingide are the degenerate descendants of a not very remote 
ancestor, modified through the action of complete isolation. 

(ZOOL. CHALL. EXP.—PART LI.—1888.) 74 
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21. Asterias (Stolasterias) stichantha, n. sp. (Pl. CVI. figs. 1-4). 


Rays five. R= 158 mm.; 7 = 17 mm. R>9r. Breadth of a ray at the base, 
about 18 mm. 

Rays elongate, broad and robust at the base, tapering gradually to a pointed extremity. 
Abactinal surface of the rays roundly convex and having a subcylindrical appearance 
when viewed from above. Disk small, slightly convex, but not higher than the rays. 
Interbrachial arcs acute. 

The skeletal plates of the rays are disposed with great regularity, and those of the abac- 
tinal surface bear single uniform spinelets. Nine regular longitudinal series of equally 
spaced, isolated spinelets may be counted on the abactinal surface of the rays, the 
spinelets of the outermost series on each side being a shade larger than the others, and 
represent in my opinion a supero-marginal series. The median radial series is not different 
from the others. The spinelets, which are cylindrical, tapering, and pointed, measure 
from 2°5 to 3°5 mm. in length, and are surrounded at the base by one or two circlets of 
rather large, flattened, peculiarly blunt, skin-covered forcipiform pedicellariz, which have 
to a certain extent the appearance of being appressed to a slightly convex elevation sur- 
rounding the base of the spine. Between adjacent wreaths is a space of naked membrane, 
and large isolated forficiform pedicellarize with strong and coarsely denticulate interlocking 
extremities are present here and there. The papulz are in small, compact, isolated groups, 
with seldom more than five or six in each, except upon the disk, where the number is 
rather greater. The infero-marginal plates bear two spinelets, which stand as an obliquely 
placed pair; these spinelets are a little longer than the supero-marginal series, very robust 
at the base and thickly skin-covered, and each bears on its outer side a small tuft of pedi- 
cellarize similar to those above described. ‘The small but distinct space of naked mem- 
brane between the supero-marginal and infero-marginal spines is occupied only by small 
isolated groups of papule and an occasional large forficiform pedicellaria. Between the 
infero-marginal plates and the adambulacral plates is a single series of large isolated 
papulze, one standing between each pair of infero-marginal spines and near the base of the 
innermost spine of the pair. 

The adambulacral plates are very small, and their armature consists of two rather long, 
equal, cylindrical, and slightly tapering spinelets which radiate slightly apart. At the 
base of the ray they measure from 3°5 to 4 mm. in length. Along the margin of the 
furrow, at the base of the innermost spines, are a number of large, elongate, pointed-jawed, 
forficiform pedicellariee with long peduncles.. There may be one to each alternate plate, 
but sometimes they occur more frequently. 

The ambulacral furrows are very wide, and the tube-feet, which have small, fleshy, 
centrally invaginated terminal disks, are quadriserial in their arrangement throughout. 

The madreporiform body, which is rather large and circular in outline, is situated 
about midway between the centre of the disk and the margin; its surface is marked 
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with numerous very fine striations, which radiate centrifugally, with considerable regu- 
larity. 

Colour in alcohol, a bleached yellowish white ; the spinelets white. 

Locality.—Station 232. South of Yeddo, Japan. May 12,1875. Lat. 35° 11/0" N., 
long. 139° 28’0” E. Depth 345 fathoms. Greenmud. Bottom temperature 41°°1 Fahr. ; 
surface temperature 64°:2 Fahr. 

Remarks.—Asterias (Stolasterias) stichantha is a large and striking form, altogether 
unlike any other species in the genus. It may be at once distinguished by the isolated, 
equally spaced, basally-wreathed spinelets, arranged in numerous longitudinal series. 


22. Asterias (Stolasterias) eustyla, n. sp. (P]. CVI. figs. 5-8). 


Rays five. R=60mm.;7=7mm. R>8 r. Breadth ofa ray near the base, 8 to9 mm. 

Rays elongate, comparatively robust, tapering slightly towards the extremity ; about 
as high as broad, and subangular in section in consequence of the prominence of the 
supero-marginal and median radial series. Disk very small and indistinctly defined, not 
higher than the rays. Interbrachial ares acute. 

The abactinal surface of the rays is bounded by a supero-marginal series of plates on 
each side, each of which bears a single erect, rather robust, conical, pointed spinelet about 
3 mm. in length, encircled at the base by a large, thick, semiglobular wreath of pedicel- 
lariz, rendered more massive by the presence of membrane. The median abactinal line 
of the ray is occupied by a precisely similar longitudinal series of equal-sized spinelets 
with basal wreaths of pedicellariz, and in the interspace between the median and supero- 
marginal series is a serles—more or less interrupted—of exactly similar but rather smaller 
spinelets, with basal wreaths. Papule, which are large, delicate, and bag-like when 
extended, occur in the narrow space between the wreaths of pedicellariz, and occupy also 
the spaces where the intermediate series is interrupted. The lateral wall or space between 
the supero-marginal series and the infero-marginal series is occupied only by large papule, 
and these are either isolated or in indistinct groups of two or three. The infero-marginal 
plates form a conspicuous and regular longitudinal series, and each bears three spines 
arranged in an oblique series, which stands at an angle of about 45 degrees to the direction 
of the ray. These spines are robust at the base, flattened at the tip, and either truncate or 
obtusely rounded. The outermost spine is larger and longer than any of the spines above 
noticed on the abactinal surface, the median spine is rather smaller, and the innermost 
spine, which is very near the adambulacral plates, is not more than half the size of the 
outermost spine. On the outer side of the outermost spine is a large semiglobular tuft of 
pedicellariz, similar to those above described, but it does not encircle the spine as a 
wreath. Near the base of the innermost spine is a single large papula, and the series of 
these separates the infero-marginal spines from the adambulacral plates. 
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The adambulacral plates are small, and their armature consists of two short, equal, 
slightly flattened, slightly tapering and obtusely tipped spinelets, closely placed. I have 
not detected the presence of any forficiform pedicellariz on the actinal surface of this 
species. 

The adambulacral furrows are narrow, and almost arched over by the armature of the 
adambulacral plates when contracted. The tube-feet are crowded, and disposed in quadri- 
serial arrangement. 

The madreporiform body, which is small, and almost obscured by a surrounding 
vesiculated membrane, is placed very near the margin. 

Colour in alcohol, a bleached yellowish or warm light brownish white. 

Locality.—Off Nightingale Island, Tristan da Cunha group. Depth 100 to 150 
fathoms. 

Remarks.—This species resembles Asterias (Stolasterias) tenuispina in general char- 
acter and appearance, but differs in such essential details that I can entertain no doubt 
as to its specific distinction, although I feel great reluctance in establishing a new species 
in such a difficult genus on the single example which is unfortunately all that was 
procured. Asterias (Stolasterias) eustyla is distinguished from the other members of 
the Asterias tenuispina group (the subgenus Stolasterias) by its five rays, by the oblique 
series of three spines on the infero-marginal plates, by the presence of two spines in 
the armature of the adambulacral plates, and by the interrupted but definite intermediate 
series of spinelets between the median abactinal and supero-marginal series. 

Asterias mollis of Hutton is probably nearly allied, but differs in the disposition of the 
intermediate abactinal spines, in the size and propinquity of the spinelets generally, in the 
character of the wreaths of pedicellarize at their bases, and in the different form of the rays. 


23. Asterias (Stolasterias) glacialis, O. F. Miiller. 


Asterias glacialis, O. F. Miller, 1776, Zool. Dan. Prodr., p. 234. 

Asterias spinosa, Pennant, 1777, British Zoology, vol. iv. p. 62. 

Asterias angulosa, O. F. Miller, 1788, Zool. Dan., vol. ii. p. 1, tab. xli. 

Asterias echinophora, Delle Chiaje, 1825, Memorie sulla stor. e not. Anim. s. vert. Napoli, vol. ii. 
p. 356, tav. xviii. fig. 5. 

Stellonia glacialis, Nardo, 1834, De Asteriis, Oken’s Isis, p. 716. 

Stellonia angulosa, Agassiz, 1835, Mém. Soe. Sci. Nat. Neuchatel, t. i. p. 192. 

Stellonia webbiana, d’Orbigny, 1839, in Webb and Berthelot, Hist. Nat. es Canaries, t. ii., 2e partie, 
Zoologie, p. 148, Echin., pl. ii. figs. 8-13. 

Uraster glacialis, Forbes, 1841, Hist. Brit. Starfishes, p. 78. 

Asteracanthion glacialis, Miller and Troschel, 1842, System der Asteriden, p. 14. 

Asteracanthion webbianum, Dujardin and Hupé, 1862, Hist. Nat. Zooph. Echin. (Suites 4 Buffon), 
p. 340. 

Asterias madeirensis, Stimpson, 1862, Proc. Boston Soc. Nat. Hist., vol. viii. p. 263. 

Marthasterias foliacea, Jullien, 1878, Bull. Soc. Zool. France, p. 141. 


Locality.—Off St. Vincent, Cape Verde Islands. Depth and conditions not stated. 
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24. Asterias (Stolasterias) africana (Miiller and Troschel), Perrier. 
Asteracanthion africanus, Miiller and Troschel, 1842, System der Asteriden, p. 15. 
Asterias africana, Perrier, 1875, Révis. Stell. Mus., p. 62 (Archives de Zool. expér., t. iv. p. 326). 
Locality.—Simon’s Bay, Cape of Good Hope. Depth 5 to 20 fathoms. Also shallow 
water. 


Genus Calvasterias, Perrier. 
Calvasterias, Perrier, Révis. Stell. Mus., p. 84 (Archives de Zool. expér., 1875, t. iv. p. 348). 


This well-defined genus, apart from its structural peculiarities, is remarkable for the 
puffy skin and clammy character which it possesses in common with so many of the 
Antarctic asterids. The examples of the two hitherto known species preserved in 
the British Museum are from this geographical area; but Calvasterias asterinoides is 
stated by M. Perrier to occur also in Torres Strait. 


Chorology of the Genus Calvasterias. 
a, Geographical distribution :— 


ATLANTIC: Two species between the parallels of 40° and 60° S. 
Calvasterias asterinoides and *Calvasterias stolidota, from the 
Falkland Islands, the former extending to Torres Strait (fide 
Perrier), and the latter to the Messier Channel, between the west 
coast of Chili and Wellington Island. 


Paciric: One species between the parallels of 40° and 60° S. 
*Calvasterias stolidota, in the Messier Channel, between. the 
west coast of Chili and Wellington Island, and extending to the 
Falkland Islands. 


HAsTERN ARCHIPELAGO: One species between the parallels of 10° N. and 15° S$. 
Calvasterias asterinoides, from Torres Strait (jide Perrier, 
stated to have been dredged by MM. Hombron and Jacquinot 
in 1841), and extending to the Falkland Islands. 


8. Bathymetrical range: Imperfectly known, probably all from the Littoral zone. 
Calvasterias stolidota, from 5 to 10 fathoms off the Falkland Islands. 


y. Nature of the Sea-bottom: Calvasterias stolidota on sand, gravel; other species 
not recorded. 


The species collected by the Challenger is indicated by an asterisk in the above list. 
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Chorological Synopsis of the Species. 


Ocean. | Range in Fathoms. Nature of the Sea-bottom. 


Calvasterias antipodum . . q 
{ S. Atlantic and Eas- \ 
tern Archipelago. 


le Atlantic and 


Calvasterias asterinoides . 


Calvasterias stolidota 5 to 10 _ Sand, gravel. 


Pacific. 


1. Calvasterias stolidota, n. sp. (Pl. CI. figs. 3 and 4; Pl. CIII. figs. 11 and 12). 


Rays five. R=44mm.; r=1lmm. R=4~,7. Breadth of a ray at the base, 13°5 mm. 

Rays rather short, tapering slightly from the base to the extremity, which is obtusely 
pointed. Abactinal surface convex and arched, the lateral wall being nearly vertical. 
Actinal surface plane, forming an angular junction with the lateral wall. In the present 
condition of the specimen the rays are curved downward. Interbrachial arcs acute. A 
more or less clearly defined channel occurs upon the disk in the wrinkles of the membrane 
in the median interradial lines. 

The whole abactinal surface is covered with a somewhat puffy membrane, very clammy 
and unpleasant to the touch, marked with constrictions or wrinkles which pass between 
the papular areas. Midway on the ray in the median line the broad tips of a few obtuse 
but isolated spinelets may be seen protruding through the membrane, but they are 
scarcely noticeable. The papule are arranged in compact little groups of about five 
or six in each; the groups are well spaced and fall into six more or less regular longitudinal 
lines. A few small pedicellaria may be present in the neighbourhood of the papule of 
the outer two rows on each side. 

The armature of the adambulacral plates consists of a single robust, cylindrical, 
obtusely-tipped spinelet, the series of which forms a regular longitudinal line along the 
ray. At the base of these spines, on the margin of the ambulacral furrow, are a few 
short, robust, forficiform pedicellarie. The actinal plates, which form the margin of the 
tay, and are probably the representatives of infero-marginal plates, bear an oblique series 
of two or three equal, short, robust, obtuse spinelets. In the interspace between these 
plates and the adambulacral plates, which is narrow, are large isolated papule, and 
between these may be a spinelet intermediate in size between those on the adambulacral 
plates and the marginal plates, and these form an irregular series which, from their 
position, might at first sight be counted with either one series or the other; they are 
found, however, on examination to be not attached to the adambulacral plates. Above 
the infero-marginal plates just described, in the vertical wall of the ray, is a rather wide 
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space occupied by groups of large papule and numerous pedicellariz, which is bounded 
superiorly by a single regular longitudinal row of short, robust, obtuse, equally spaced 
spinelets borne on the representatives of the supero-marginal plates; and above these, 
on the margin of the abactinal area, are numerous pedicellariz. 

The madreporiform body, which is small, sunken, and almost hidden by the encroach- 
ment of the puffy membrane, is situated about midway between the centre of the disk and 
the margin, and the tips of several obtuse, robust spinelets may be seen round the cir- 
cumference. 

_ The ambulacral furrows are wide, and the tube-feet, which have a quadriserial arrange- 
ment, are crowded, and have fleshy terminal disks with invaginated centres. | 

Colour in alcohol, an ashy grey. 

Young Phase.—There is a small example from Port William, Falkland Islands, which 
I take to be the young of this species. The dimensions are R = 15°5 mm. ; 7 = 5'25mm. 
The rays are well defined and of nearly uniform breadth from the base to the extremity. 
There are not more than two or occasionally three spines in the oblique series on the infero- 
marginal plates, and these come close up to the adambulacral plates. The intermediate 
irregular series of spines noticed in the adult are not present in the young form, although 
when three spinelets are present in the oblique series on the infero-marginal plates the 
innermost one strikingly simulates in its position the intermediate spines referred to. 
The supero-marginal series of spines is present, and pedicellaris: are numerous and 
relatively large. 

Localities.—In the Messier Channel, between Wellington Island and the west coast of 
Chili. January 1876. Exact position, depth, and conditions not recorded. 

Station 315. Port William, Falkland Islands. January 26, 1876. Lat. 51° 40’0”8., 
long. 57° 50’ 0” W. Depth 5 to 10 fathoms. Sand, gravel. Surface temperature 50°-0 
Fahr. 

Remarks.—This species resembles Calvasterias antipodum in the length of the rays 
and the general form, but differs by the absence of the crowded median radial line of 
spinelets (“‘scale-like processes” of Bell’), and by the presence of the regular and well- 
developed series of supero-marginal spines, which are wanting in Calvasterias antipodum. 
The arrangement of the spines on the infero-marginal plates and the presence of numerous 
pedicellarize also serve to characterise Calvasterias stolidota. The general form and the 
majority of the above-mentioned points of structure at once distinguish the species from 
Calvasterias asterinoides. The young form, which is smaller in size than Calvasterias 
asterinoides, is already distinguished by the well-developed rays, and has a facies alto- 
gether different from that Asterina-shaped species. 


1 Proc. Zool. Soc. Lond., 1882, p. 122. 
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Family Bristnc1p&, Sars, 1875. 


The family Brisingidee was established by G. O. Sars’ for the reception of the single 
genus Brisinga, of which at that time two species only were known, Brisinga endecacne- 
mos of Asbjornsen and Brisinga coronata of Sars. In 1878, Viguier® included in the 
same family the genera Labidiaster and Pedicellaster. In 18838, De Loriol*® added the 
genus Brisingaster. In 1884, Perrier* added the genus Hymenodiscus, but removed 
Pedicellaster to an independent family. In the following year Perrier’ also added the 
genera F'reyella and Odinia, which may to a certain extent be considered as dismember- 
ments of Brisinga, since species of both genera had primarily been described as Brisinga. 
Perrier further added at the same time the new genus Coronaster, and replaced the genus 
Pedicellaster in the family Brisingide. With this latter step Iam unable to agree. In 
1884, Studer’ added the new genus Gymnobrisinga, and confirmed on anatomical 
grounds the classification of Labidiaster with the Brisingide, but expressed a doubt, 
modified however by the subsequent discovery of an eight-rayed form from South Georgia, 
as to the correctness of placing Pedicellaster in the same family. 

As to whether the differences between Hymenodiscus and Gymnobrisinga are of generic 
value, and as to whether these forms are generically distinct from Brisinga, I am unable 
to express an opinion, as I have not seen examples of either of the forms. The descrip- 
tions alone are insufficient to settle the question, and lead to the inference that the alliance 
of the forms mentioned is of the closest description and that all are perhaps congeneric. 

I am also in doubt as to whether Brisingaster can justly be separated from Brisinga. 
From the admirable description and figures given by M. de Loriol, as well as from the 
examination of a dried specimen, I am inclined to think that the differences are not 
sutlicient to warrant the establishment of an independent genus, but I have refrained from 
directly placing Brisingaster as a synonym of Brisinga, as I have not had the oppor- 
tunity of examining alcoholic examples of the well-defined Mauritius species. 

So far as I can judge from the description alone I am unable to recognise in Coronaster 
a member of the family Brisingide. I venture to think that the genus in question will 
prove to be much more nearly related to the Asteriide. 

On the grounds above stated I have not included the four genera, Brisingaster, Gym- 
nobrisinga, Hymenodiscus, and Coronaster, in the subjoined synopsis of the genera consti- 
tuting the family Brisingide. 


1 On some remarkable forms of animal life from the great depths off the Norwegian coast. Part II. Uni- 
versity Program, Christiania, 1875, pp. 100, 101. 
Archives de Zool. expér., 1878, t. vii. pp. 93, 119. 
Mém. Soc. Phys. et Hist. Nat. Geneve, 1883, t. xxviii. No. 8, p. 55. 
Nouv. Archives Mus, Hist. Nat., 2e Série, 1884, t. vi. pp. 166, 189. 
° Ann. Set. Nat. (Zool.), 1885, t. xix. Art, No. 8; Dp. Ds os 
§ Anhang zd. Abhandl. d. k. preuss. Akad. d. Wiss. Berlin, vom Jahre 1884, p. 13. 
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I have added a new genus, Colpaster, for the reception of a form characterised by the 
presence of an externally conspicuous azygos interradial plate separating the first pair 
of adambulacral plates, and further differing from Freyella in the development of the 
armature of the mouth-plates and the adambulacral plates. 

Since the discovery of Brisinga endecacnemos in 1853, perhaps no other Asterid has 
been looked upon with so much interest by naturalists, or ‘has given rise to a greater 
amount of speculation as to its antiquity and structural relations. The Brisingide have 
been stated to represent the most primitive type of living starfishes, and to present a closer 
approach to the Ophiuroidea than any other form. I consider that these views are entirely 
unwarranted. It is now generally admitted by all workers at the group that the Brisin- 
gidee are most nearly related to the Asteriidz, Heliasterid, and Echinasteride. Taking 
Asterias as a comparatively well-known and central form, it may be asked, Does the plan 
of structure of this genus represent the most archaic or the most primitive type of Asterid 
structure with which we are acquainted? and, Does it present the nearest approach to. the 
plan of Ophiuroid structure? The reply to these questions would, I think, be unhesita- 
tingly in the negative. Supposing for the sake of argument that the Brisingide are older 
than the Asteriidee, May Asterias be considered to represent even a penultimate stage? I 
think not, and in my opinion such an assumption would be entirely without foundation. 
Paleontological evidence certainly does not support it, and the embryological history 
of Asterias points unequivocally to a phanerozonate ancestry. In my opinion the 
Brisingidee are true cryptozonate Asterids, very nearly related to the Asteriidz, Pedicell- 
asteride, Heliasteridee, and Echinasteride, and probably derived from a common ancestor, 
the divergence of form and the peculiarities of structure now exhibited by Brisinga being 
the result of modification produced by the extreme isolation and the exigencies of the 
abyssal depths in which the family has existed. We know too little of the embryology 
of Brisinga and its allies to speculate further at present on its antiquity or relations, 
and to say more than is suggested above in our present state of knowledge would be, in 
my opinion, to ignore altogether the evidence of palwontology and of the embryological 
development of those forms with which we are acquainted. 


Synopsis of the Genera included in the Family Bristnc1D&. 


A, Disk large. Rays very numerous. Abactinal plating reticulate. Forficiform 
and forcipiform pedicellarie present . 5 . : Labidiaster. 
B. Disk small. Rays not very numerous (six to seventeen in Sere oe) Abactinal 
plating when present not reticulate, No forficiform pedicellarie, forci- 
piform pedicellarize very numerous. 
a. Abactinal plating consisting of narrow widely-spaced transverse bands or 
ridges limited to the basal portion of the ray. 
a. Intermediate abactinal membrane punctured by papule 5 : Odinia. 
(ZOOL. CHALL, EXP.—PART LI.—1888,) 


=I 


or 
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b. No papule in the intermediate abactinal membrane . . . . Brisinga, 
b. Abactinal plating of the disk and basal portion of the rays consisting of 
scale-like imbricating plates. No papule. 
a. No azygos interradial plate separating the first pair of adambulacral 


plates . ae ple ° . ° . : . Freyella. 
b. An azygos interradial plate separating the first pair of adambulacral 
plates “ 2 * “ ; ° . 2 5 5 5 Colpaster. 


Genus Labidiaster, Liitken. 
Labidiaster, Liitken, Videnskab. Medd, naturh. Foren. i Kjgbenhavn, 1871, p. 289. 


The genus Labidiaster was considered by Liitken as most nearly allied to Pedicellaster. 
It was placed by Perrier* in 1878 in the family Asteriidze, but was subsequently ranked 
by Viguier’ along with Brisinga and Pedicellaster in the family Brisingide. The recent 
researches of Studer*® have fully confirmed the justice of placing Labidiaster in that 
family. Hitherto the genus was supposed to be confined to the southern point of the 
American continent; its range is now, however, considerably extended by its discovery 
in the Southern Ocean and in the Arafura Sea. The. occurrence of this and other 
Antarctic species in the last-mentioned region is highly remarkable, and would have 
been almost suggestive of an error in labelling if one case only had occurred. 


- Chorology of the Genus Labidiaster. 
a. Geographical distribution :-— 
ATLANTIC: One species between the parallels of 30° and 55° S. 

Labidiaster radiosus, off the eastern coast of Patagonia, passing 
as far north as the mouth of the Rio de la Plata (fide Kinberg), also 
in the Strait of Magellan, and extending to the Pacific side in the 
Trinidad Channel.~ (This may, perhaps, fide Bell,* be a distinct 
species, for which, if necessary, he proposes the name Labidiaster 
luetkent.) — 

SouTHERN OcEan: One species between the parallels of 45° and 55° 8. 

Labidiaster annulatus, off Kerguelen Island and Heard Island, 
and extending into the Arafura Sea. 


EastERN ARCHIPELAGO: One species between the parallels of 0° and 10° 8. 
Labidiaster annulatus, from north-west of the Arrou Islands, 


1 Nouv. Archives Mus. Hist. Nat., 2c Série, 1878, t. i. pp. 10, 44, 76. 

* Archives de Zool. expér., 1878, t. vii. Doe 

* Anhang zd. Abhandl. d. k. preuss. Akad. d. Wiss. Berlin, yom Jahre 1884, p. 14. 
* Proc. Zool. Soc. Lond., 1881, p. 94. 
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and extending into the Southern Oceau in the neighbourhood of 
Kerguelen and Heard Islands. 

Paciric : One species between the parallels of 45° and 55° S. 

Labidiaster radiosus, from the Trinidad Channel, west coast of 
Patagonia, and extending through the Strait of Magellan to the east 
coast of Patagonia and Rio de la Plata (fide Kinberg). 
8. Bathymetrical range: 30 to 800 fathoms. 
Greatest range of one species: Labidiaster annulatus, 75 to 800 fathoms. 


y. Nature of the Sea-bottom: Labidiaster radiosus on sand; Labidiaster annulatus 
on Volcanic mud, Green mud, and coarse gravel. 


Chorological Synopsis of the Species. 


Ocean. Range in Fathoms. Nature of the Sea-bottom. 


{ Southern Ocean and | 75 to 800 Volcanic mud, Green mud, 
J | 


bidiaster annulatus . : 
Labidiaster annulate Eastern Archipelago. coarse gravel. 


Labidiaster radiosus . 5 Atlantic and Pacific, | 30 to 63 Sand. 


1. Labidiaster radiosus (Lovén), Liitken (Pl. CVIII. fig. 2), 

Labidiaster radiosus (Lovén, M.S.), Liitken, 1871, Videnskab. Medd. naturh. Foren. i Kjgbenhayn, 
p- 293 

Locality.x—Station 313. Near the Atlantic entrance to the Strait of Magellan. 
January 20, 1876. Lat. 52° 20’ 0” S., long. 67° 390” W. Depth 55 fathoms. Sand. 
Bottom temperature 47°°8 Fahr. ; surface temperature 48°°2 Fahr. 

Remarks.—In addition to the excellent description given by Liitken, this species has 
recently been exhaustively described by Studer,’ who also made a careful examination of 
its anatomical structure, and illustrated a number of the more important details. I have 
therefore limited myself to a single figure of Labidiaster radiosus, which I have given for 
the purpose of comparison with the new species. 


2. Labidiaster annulatus, n. sp. (Pl. CVIIL fig. 1). 


Rays forty to forty-five. R=165 to 190 mm.; r=33mm. R>5~r. Breadth of a 
ray at about 20 mm. from the disk, 6 to 7 mm. 
Rays elongate, delicate, and cylindrical; constricted at the base, where they are closely 
crushed together, then gradually swelling slightly, the ray being broadest at about the 
1 Anhang z. d. Abhandl. d. k. preuss. Akad. d. Wiss. Berlin, vom Jahre 1884, p. 14, Taf. ii, iii 
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end of the inner third or fourth, beyond which it gradually tapers to an attenuate 
extremity. The interbrachial arcs are a mere close cleft, in consequence of the crowding 
of the rays at the base. 

The disk is large and circular, subplane, and capable of slight inflation, slightly 
elevated above the base of the rays, and more or less distinctly defined. The abactinal 
surface is beset with small imbricating plates forming a wide meshed network, the 
whole being covered with a membrane which is punctured in the interspaces by numerous 
papule. ‘The plates bear small uniform spinelets, scarcely, if at all, larger than those upon 
the rays, and here and there, widely spaced, are large, triangular, forficiform pedicellariz ; 
much smaller, elongate, forficiform pedicellaria are more numerous. 

The abactinal surface of the ray on the basal portion is similarly beset with small 
imbricating plates, which form a wide meshed network, the meshes being more or less 
quadrangular. The longitudinally directed series of plates are, however, confined strictly 
to the abactinal surface, and do not occur on the lateral walls of the ray, where widely 
spaced, transverse series only are found, one opposite about every third adambulacral plate. 
The lowest plate, which abuts on the adambulacral plates, is probably the representative 
of an infero-marginal plate, and bears a single small, sharply pointed spinelet. The abac- 
tinal plates do not extend far beyond the ovarial region of the ray, and the transverse bands 
are then probably represented only by an aborted rudiment of the infero-marginal plate, 
bearing, however, a fully developed spine, which may extend for two-thirds of the length 
of the ray or more. The abactinal plates bear small, isolated, sharply pointed spinelets, 
similar to those upon the disk, and the membrane which covers the interspaces is punc- 
tured by numerous papule. A number of small forficiform pedicellarie occur on the 
membrane, and great numbers of comparatively large forcipiform pedicellariz are present, 
borne on a roll or sacculus of membrane, and disposed as a thick transverse ruff or annulus, 
isolated and well spaced from its neighbours, encircling the ray, and extending on each 
side to the adambulacral plates. 3 

The ambulacral furrow occupies the greater part of the actinal surface of the ray, 
measuring about 4 mm. at a part where the whole ray is 6°25 mm. The adambulacral 
plates are short and narrow, inclined at a considerable angle aborally, and are separated by 
a space nearly equal to their length occupied by muscular ligament. Their armature 
consists of two short, cylindrical, tapering, sharply pointed spines, which diverge slightly, 
one towards the furrow, the other outwardly. The bases of the two spinelets together 
occupy the whole of the actinal surface of the small adambulacral plates. On the outer side 
of the outer spine is a rather elongate tuft of small forcipiform pedicellaria, and within 
the margin of the furrow and at the base of the inner spine may be one or occasionally two 
very small forficiform pedicellarie, The ambulacral tube-feet, which are robust and 


crowded, are biserial in their arrangement, and have a small, button-like, centrally invagi- 
nated terminal disk. 
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The actinostome is large and wide, its diameter being about 38 mm. in the specimen 
described. The buccal membrane, which is of broad expanse, is thick and leathery, and is 
marked with very fine radiating lines of low, crowded, villiform papille. 

The madreporiform body is large and prominent, often slightly elevated above the 
general surface of the disk, and is situated close to the margin. Its outline is irregularly 
circular, 7°25 mm. in diameter, and is surrounded by a series of closely placed, small, 
pointed spinelets, about forty-five in number. Its surface is marked with very fine, much 
convoluted striations, which show a regular centrifugal radiation on the outer part. 

Colour in alcohol, a dirty ashy grey. 

Localities.—Station 1494. Off Cumberland Bay, Kereuelen Island. January 29, 
1874. Depth 127 fathoms. Volcanic mud. 

Station 150. Between Kerguelen Island and Heard Island. February 2,1874. Lat. 
52° 4’0"S., long. 71° 220” E. Depth 150 fathoms. Coarse gravel. Bottom temperature 
35°°2 Fahr. ; surface temperature 37°°5 Fahr. 

Station 151. Off Heard Island. February 7, 1874. Lat. 52° 59’ 30” S., long. 73° 
33’ 30” E. Depth 75 fathoms. Volcanic mud. Surface temperature 36°:2 Fahr. 

Station 191. In the Arafura Sea, north-west of the Arrou Islands. September 23, 
1874. Lat. 5° 41’0” S., long. 134° 4’30” E. Depth 800 fathoms. Green mud. Bottom 
temperature 39°°5 Fahr. ; surface temperature 82°:2 Fahr. 

Remarks.—This species may be distinguished from its near ally, Labidiaster radiosus, 
by the more numerous and comparatively more slender rays, by the uniformity in the size 
of the spinelets on the disk and at the base of the rays, and by the tufts of forcipiform 
pedicellariz upon the rays forming a thicker and more complete annulus. Although the 
verbal account of these differences may lead to the inference that they are comparatively 
insignificant, they produce a very distinct facies, as may be seen on referring to Pl. 
CVIII. Iam unable to detect any difference worthy of note between a small example from 
Station 191 and those from the neighbourhood of Kerguelen and Heard Islands. I have 
previously drawn attention to the remarkable occurrence of Antaretic forms at this station. 


Genus Odinia, Perrier. 
, Odinia, Perrier, Ann. Sci. Nat. (Zool.), 1885, t. xix. Art. No. 8, p. 9. 


The establishment of Odinia as a genus distinct from Brisinga is due to M. 
Perrier, who pointed out that the more highly developed plating of the disk and basal 
portion of the rays, and the presence of papulz, which characterise the species he proposed 
to separate, were structural details of sufficient importance to place the forms in a distinct 
genus. With these views I concur, and judging from the form I have studied, I consider 
that the shortness of the adambulacral plates, and probably the character of the mouth- 
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plates, may also be added as differential characters of primary importance ; and further, 
as a secondary character, the disposition of the pedicellariz is worthy of attention. 

The intermediate character of Odinia, from a morphological point of view, between 
Labidiaster on the one hand and Brisinga and Freyella on the other, is striking and 
highly remarkable. 

The species of Odinia described by Perrier were all dredged off the coast of Morocco. 
The species now described from the Faerée Channel appears to have been confounded by 
Sir Wyville Thomson with Brisinga coronata, and was one of the first deep-sea novelties 
dredged by the ‘‘ Lightning” in 1868. 


Chorology of the Genus Odinia. 


a. Geographical distribution :— 


AtTuLantTIc : Four species between the parallels of 20° and 65° N. 
Odinia pandina, from the Faerde Channel. Odinia semi- 
coronata, Odinia robusta, and Odinia elegans, off the coast of 
Morocco. 


8. Bathymetrical range: 440 to 784 fathoms. 
y. Nature of the Sea-bottom: Unknown. 


Chorological Synopsis of the Spectes. 


Ocean. Range in Fathoms, Nature of the Sea-bottom. 
Odinia elegans. : Atlantic. 482 to 784 
Odinia pandina . ° . Atlantic. 440 to 500 
Odinia robusta . : - Atlantic. 482 to 784 
Odinia semicoronata . : Atlantic. 577 to 784 


1. Odinia pandina, n. sp. (Pl. CIX. figs. 1-5). 
Brisinga coronata (pars), Wyville Thomson, 1873, The Depths of the Sea, p. 66, fig. 5. ° 


Rays thirteen to eighteen, R= 215 mm.; r=14t015 mm. R= 15 7 approxi- 
mately. Breadth of a ray at the base, 6°5 mm.; at the widest part of the ovarial expan- 
sion, 12 to 13 mm. ; midway along the ray, about 7°5 mm. 

Rays very elongate and comparatively robust for the family, narrow at the base, but 
swelling gradually and quickly into a large ovarial inflation, the tumidity of which is 
greater abactinally than laterally, and tapers off rather abruptly, terminating at about 48 
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mm. from the base. Beyond this the ray has a flattened or subdepressed appearance, the 
abactinal surface being convex, with a broad and somewhat indistinct median carination, 
the breadth being greater than the height. 

The disk is small and button-like in form, the abactinal surface being convex, flattened 
centrally, and gradually rounded at the margin down to the base of the rays, The abac- 
tinal surface is beset with robust imbricating plates, between which are interspaces punc- 
tured by two or three papule. The plates are irregularly convex abactinally, and each 
bears two or three short, moderately robust, tapering, pointed spinelets about 2 mm. in 
length, which.are near together at their bases, but radiate slightly apart, giving a decidedly 
echinulate appearance to the abactinal surface. The spinelets appear to be naked, and I 
have detected no pedicellariz upon the disk. The papule are delicate, elongate, and 
vermiform. The ovarial region at the base of the rays is covered with a thick coriaceous 
skin, underlaid with small imbricating calcareous plates and punctured by numerous 
widely spaced, generally distributed papule. The outer half, or even outer two-thirds, of 
the ovarial region is traversed by bands of small prominent imbricating plates, which 
bear isolated, robust, conical spinelets 2 to 3 mm. in length. The bands are about 5 mm. 
apart, and the ovarial region has consequently the appearance of being encompassed by 
five or six echinulate rings; on the actinal surface of the inner third of the ovarial region 
the plating is more compact and irregular, and the spinelets are irregularly distributed, 
but do not occur on the lateral wall of the ray. On some of these spines are traces of a 
membranous sheath with closely crowded small pedicellariz. The membrane between 
the echinulate rings is perfectly smooth and bears no pedicellarize or tegumentary spinelets. 
Beyond the ovarial region the abactinal surface of the ray is covered with a thin semi- 
transparent membrane, and the transverse rings are represented only by short lateral 
calcareous ridges, the component plates appearing to be more or less ankylosed, upon 
which are borne from four to six rather long spinelets invested with thick membranous 
sheaths, crowded with numerous microscopic pedicellarize. The spinelets in the middle of 
a series are generally slightly longer than the others, and may measure from 6 to 8 mm. 
in length; the uppermost spinelet is generally much less, and the smallest of the series. 
The lowest spinelet springs from a plate abutting on the adambulacral plates, and is the 
representative of the lateral or infero-marginal spine. It may measure 7 mm. in length, 
but is often less. The delicate membrane which covers the abactinal surface of the ray 
bears small round or irregular patches or sacculi crowded with microscopic pedicellariz, 
the patches, though isolated, being numerous and quite irregular in their disposition. 
There is no tendency whatever towards the formation of the elongate, saddle-like, saccular 
bands which occur in Brisinga generally. 

The ambulacral furrow is wide, measuring about 4 mm, at a part where the breadth 
of the ray is 8mm. The adambulacral plates, which form a narrow well-rounded margin 
to the furrow, are very short, only about 1 mm. in length, distinctly but not. widely 
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separated, and with the interspace filled in with ligament. Their armature consists of a 
single large spine which stands perpendicularly, and is articulated on a tubercular elevation 
occupying the whole of the actinal surface of the plate. A spine near the base of the 
ray about midway along the ovarial inflation measures 4°5 mm. in length, is broad and 
robust at the base, tapers to the middle of the shaft, and then expands gradually into a 
flaring and compressed extremity, which is truncate and chisel-shaped. As they recede 
from the base of the ray, after passing the ovarial region, the breadth of the tip of the 
spine diminishes, and the chisel-like character is almost, if not quite, lost midway along 
the ray, where the spines still measure 4°5 mm., but are much more delicate. Traces of a 
membranous sheath with crowded microscopic pedicellarize are present on the outer side of 
a great number of these spinelets, but as to whether the spine was entirely invested I am 
unable to say. 

The actinostome is wide, its diameter being 15 mm. in a disk measuring 29 to 30 
mm. The buccal membrane is thick and plicate, becoming papillate at the mouth-margin. 
The mouth-plates, as well as the succeeding pair of adambulacral plates, which are appa- 
rently ankylosed, may be placed more or less obliquely or even perpendicularly and form 
a vertical margin to the actinostome. They are deeply excavated by the first pair of tube- 
feet, and this character is emphasised by the fact that lateral extensions proceed towards 
the adjacent pair and entirely bar the actinostomial entrance of the ambulacral furrow. 

The free margin of each plate which abuts on the buccal membrane is very slightly 
curved, and bears two or three short, robust, skin-covered mouth-spines, somewhat 
dog-tooth shaped, the outer two radiating away from the innermost one towards the 
furrow, and touching or interlocking with the corresponding spines of the adjacent mouth- 
angle, barring the entrance to the ambulacral furrow. One or two small isolated pedicel- 
lari may be present on these spines. Near the outer extremity of each plate is a single 
small, conical, skin-covered spinelet, which is directed over the furrow and separates the 
first and second pair of ambulacral tube-feet. No other spinelets are present on the 
mouth-plates. The width of the united pair of plates midway between their extremities 
is very narrow, and is less than the diameter of the adjacent tube-foot. 

The ambulacral tube-feet have large, centrally invaginated, terminal disks. 

The madreporiform body, which is convex and prominent, is situated at the extreme 
margin of the disk. Its surface is marked with fine, convoluted striations, rather widely 
spaced. 

Colour in alcohol, a bleached yellowish white, with a slight pinkish shade on the side 
of the ovarial regions, 

Localities. —“ Lightning” Expedition : 

Station 7. In the Faerée Channel. September 3, 1868. Lat. 60° 7’ 0” N., long. 


5° 21’ 0” W. Depth 500 fathoms. Bottom temperature 1°'1 C.; surface temperature 
10%5'C: 
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“ Porcupine” Expedition : 

Station 51, 1869. In the Faerde Channel. Lat. 60° 6’ 0” N., long. 8° 14’ 0” W. 
Depth 440 fathoms. Bottom temperature 5°°5 C. ; surface temperature 10°:9 C. 

Other examples of Odinia pandina were also obtained during the “ Porcupine” dredg- 
ings, but unfortunately they are without record of station or locality. 

Remarks —This handsome form was confounded by Sir Wyville Thomson with 
Brisinga coronata, the figure which he gives under that name in The Depths of the 
Sea (fig. 5, p. 67) being without doubt the Asterid above described. In the specimen 
preserved, all the ras, excepting several of the small recurved ones, are now separated 
from the disk; but notwithstanding this, I feel little or no hesitation in believing that the 
example before me is the one from which the drawing for the woodcut was made. The 
general form, the character of the spinulation of the ovarial regions, the irregularly dis- 
posed sacculi with crowded pedicellariz upon the rays, the vertical lateral series of spine- 
lets, and the large single actinal spinelets on the adambulacral plates, are all faithfully 
represented ; if to these characters be added the presence of papule, the shortness of 
the adambulacral plates, the strongly spinulate disk (which is not sufficiently shown in 
the woodcut), and the form and armature of the mouth-plates, we have a congeries of 
characters readily ‘distinguishing Odinia pandina from Brisinga coronata. 


Genus Brisinga, Asbjornsen. 
Brisinga, Asbjornsen, Fauna Litt. Norvegie, 1856, Andet Hefte, p. 95. 


Since the discovery of this remarkable Asterid thirty-five years ago by the Norwegian 
poet, Asbjornsen, in the picturesque Hardanger Fjord, a considerable number of allied forms 
have rewarded the dredging operations in deep water which have since then been under- 
taken, and the type that was once thought so rare and limited in occurrence is now 
found to possess a world-wide distribution. Owing to the great similarity in general facies 
of all the members of the group, a certain laxity of conception as to the generic scope of 
Brisinga sprang up, and a number of species were provisionally set down as Brisinga 
which present characters that entitle them to stand as independent genera. In my pre- 
liminary note on the deep-water forms of the starfishes collected by the Challenger, I 
myself! referred to a number of these under the name of Brisinga. In 1885, Perrier’ 
proposed a limitation of the genus, with which I entirely concur; indeed, prior to the 
publication of his memoir on the Asteroidea of the “ Travailleur” and “ Talisman” Expedi- 
tions, I had drawn up the synopses of species here given, in which the forms now placed 
under Odinia and Freyella were recognised as independent genera; for these I have great 
pleasure in adopting the admirably chosen names assigned to them by my learned col- 
league, in preference to the MS. names I had proposed to give them. 

1 Narr. Chall. Exp., 1885, vol. i., pp. 607-617. 2 Ann. Sci. Nat. (Zool.), 1885, t. xix. Art. No, 8. 

(ZOOL. CHALL. EXP.—PART LI.—1888.) 76 
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The genus Brisinga as now defined is limited to those forms in which the abactinal 
skeleton of the rays is confined to isolated transverse ridges limited to the basal portion of 
the ray, and in which the abactinal membrane is entire, and not punctured by papule. 


Synopsis of the Species included in the Genus Brisinga herein described. 


A. Transverse calcareous ridges prominent and robust. 
a, Rays robust, nine to thirteen in number. Transverse ridges broad and 
robust (15-20 in number). Ambulacral tube-feet not separated by 
two spinelets . : : 5 . ° . 2 . . . coronata. 
b. Rays delicate, eight in number. Transverse ridges thin and high 
(10-12 in number). Ambulacral tube-feet separated by two 


horizontally placed parallel spinelets . ° : ; ; ; A verticillata. 
B. Transverse calcareous ridges moderately prominent or more or less rudi- 
mentary. 


a. Ridges complete. Tegumentary prickles in the abactinal membrane. 
a. Rays eleven in number. Ambulacral tube-feet not separated by 
two equal horizontally disposed spinelets. 
a, Adambulacral armature with three inner spinelets, all small. 
Actinal spines at base of ray needle-like. With 
crowded spinelets on the transverse ridges . ; : . endecacnemos. 
fB. Adambulacral armature with two inner spinelets, one large. 
Actinal spines at base of ray robust, clavate, with a 
coronate extremity. With widely spaced spinelets on 


the transverse ridges . 5 : : 5 - : < cricophora. 
b. Rays seven in number. Ambulacral tube-feet separated by two 
equal horizontally disposed spinelets . A : - . armillata. 


b. Ridges incomplete and more or less rudimentary. No tegumentary 
prickles in the abactinal membrane. 
a. Adambulacral armature with one inner spinelet. Lateral spines 


short. Calcareous ridges feebly developed . : ° : . membranacea. 
b, Adambulacral armature with three or four inner spinelets. Lateral 
spines long. Calcareous ridges rudimentary, never complete : discincta. 


Chorology of the Genus Brisinga. 
a. Geographical distribution :-— 
ATLANTIC: Six species between the parallels of 10° and 70° N. 

Brisinga coronata, off the Lofoten Islands, the west coast of 
Norway, south of Rockall, west coast of Ireland, and west coast of 
Spain. Also in the Mediterranean, dredged by the “Travailleur ” 
and “Talisman” (fide Perrier). Brisinga endecacnemos, off the 
west coast of Norway, between the Faerte and the Shetland Islands, 
off the south-west coast of Ireland, in the Bay of Biscay, west of 
Ushant, and off the west coast of Spain. Brisinga mediterranea, 
between Marseilles and Corsica. *Brisinga cricophora, north- 
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west of St. Thomas, Virgin Islands. PBrisinga costata, off the east 
coast of the United States of North America, between Cape Hatteras 
and Nova Scotia. *Brisinga verticillata, off the coast of North 
America, east of New Jersey. 
SouTHERN OcEANn : Two species between the parallels of 40° and 50° 8. 
*“Brisinga membranacea, between Marion Island and the Crozet 
Islands, and west of the Crozet Islands. *Brisinga discincta, south 
of Australia, 
Paciric: One species between the parallels of 30° and 40° N. 
*Brisinga armillata, off the coast of Japan, south of Kawatsu. 
£. Bathymetrical range: 100 to 2600 fathoms. 
Greatest range of one species: Brisinga mediterranea, 301 to 1454 fathoms 
(fide Perrier). 

y. Nature of the Sea-bottom: Brisinga armillata and Brisinga verticillata on Blue 
mud; Brisinga coronata on Sandy clay; Brisinga discincta on Red clay ; 
Brisinga membranacea on Globigerina and Diatom ooze; Brisinga cricophora 
on Pteropod ooze. 

The species collected by the Challenger Expedition are indicated in the foregoing list 

by an asterisk. 


Chorological Synopsis of the Species. 


Ocean, Range in Fathoms. Nature of the Sea-bottom. 
Brisinga armillata ° 0 Pacific. 1875 Blue mud. 
Brisinga coronata d . Atlantic. 220 to 1366 Sandy clay. 
Brisinga costata . 5 9 Atlantic. 888 to 2021 ae wea 
Brisinga cricophora. : Atlantic. 390 Pteropod ooze. 
Brisinga discincta é : Southern. 2600 Red clay. 
Brisinga endecacnemos . ; Atlantic. 100 to 1095 ise ee 
Brisinga mediterranea . : Atlantic. 301 to 1454 eas aC 
Brisinga membranacea . : Southern. 1375 to 1600 Globigerina and Diatom ooze. 
Brisinga verticillata . : Atlantic. 1350 Blue mud. 


1. Brisinga endecacnemos, Asbjornsen. 
Brisinga endecacnemos, Ashjgrnsen, 1856, Fauna Litt. Norvegixw, Andet Hefte, p. 95, tab. ix, figs. 1-15, 
Localities —“ Porcupine” Expedition : 
*Off Valentia. Depth and conditions not stated, 
*Station 45,1869. South-west of Cape Clear. Lat. 51° 1/0” N., long. 11° 21’ 0” W. 
Depth 458 fathoms. Bottom temperature 8°°9 C.; surface temperature 15°9 C. 
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Station 74, 1869. Between the Faerde and Shetland Islands. Lat. 60° 39’ 0” N., 
long. 3° 9’ 0” W. Depth 203 fathoms. Bottom temperature 8°°7 C. ; surface temperature 
11°+4 C. 

*Station 4, 1870. West of Ushant. Lat. 48°32’0”N., long. 9° 590” W. Depth 717 
fathoms. Bottom temperature 7°°5 C. ; surface temperature :16°°3 C. 

“Station 6, 1870. Westof Ushant. Lat. 48° 26’0”N., long. 9° 44’0” W. Depth 358 
fathoms. Bottom temperature 10°°0 C.; surface temperature 16°9 C. 

*Station 14,1870. Off the west coast of Spain. Lat. 40° 6’ 0” N., long. 9° 44’0” W. 
Depth 469 fathoms. Bottom temperature 10°°8 C. ; surface temperature 18°*4 C. 

*Station 17, 1870. Offthe west coast of Spain. Lat. 39° 42'0” N., long. 9° 43’ 0” W. 
Depth 1095 fathoms. Bottom temperature 4°°3 C. ; surface temperature 19°'8 C. 

Remarks—The stations marked with an asterisk in the above list are recorded by Sir 
Wyville Thomson in The Depths of the Sea. All the examples of this species received 
by me, excepting fragments from Station 74, are placed together and bear no indication of 
the station or stations from which they were obtained. 


2. Brisinga coronata, Sars. 


Brisinga coronata, G. O. Sars, 1871, Vidensk-Selsk. Forhandlinger f. 1871, p. 5; Onsome remarkable 
forms of animal life from the great depths off the Norwegian coast, Part II., University Program, 
Christiania, 1875. 


Localities.—*“ Porcupine” Expedition : 

Station 23,1869. South of Rockall Bank. Lat. 56° 7’0” N., long. 14° 19’0” W. Depth 
630 fathoms. Bottom temperature 6°°4 C.; surface temperature 14°°0 C. 

Station 45,1869. South-west of Cape Clear. Lat. 51° 1’ 0” N., long. 11° 21’ 0” W. 
Depth 458 fathoms. Bottom temperature 8°°9 C.; surface temperatnre 15°9 C. 

Station 13,1870. Off the west coast of Spain. Lat. 40° 16’ 0” N.,. long. 9° 37’ 0” 
W. Depth 220 fathoms. Bottom temperature 11°°0 C.; surface temperature 18°'1 C. 

Remarks.—Other examples were also obtained during the “ Porcupine” Expedition, 
but unfortunately bear no indication of the station at which they were taken. 


3. Brisinga verticillata, n. sp. (Pl. CLX. figs. 9-11). 


Rays eight. R=175 mm.;7r=6°5 mm. R<27 7. Breadth of a ray at the base, 4 
mm.; at the widest part of the ovarial inflation, 5 mm. (measured at 30 mm. from the 
disk) ; midway between the disk and the extremity, 2°5 mm. 

Rays very elongate and slender, subeylindrical and depressed at the base, uniform in 
breadth for a short distance, then slowly swelling into a short, slightly fusiform, ovarial 
inflation, which gradually contracts and terminates at about 40 mm. from the disk, the 
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inflated region only occupying about 23 mm. Beyond this the section of the ray is sub- 
triangular with a truncate median carination. 

The disk is very small and depressed, with the abactinal surface subplane and nearly 
on the same level as the base of the rays, the margin being slightly bevelled. The abac- 
tinal area of the disk is covered with a delicate membrane, beset with minute, papilliform, 
skin-covered spinelets, all of uniform height and distinctly spaced. ‘The membrane which 
covers the abactinal surface of the rays is extremely delicate and quite transparent. The 
inner portion of the ray, about one-third of the length, is furnished with from ten to twelve 
transverse annular ridges, seven or eight of which are remarkably high and prominent in 
relation to the size of the ray. ‘The ridges are rather widely spaced, their distance apart 
being equal to the length of two or three adambulacral plates, and they form a rigid 
narrow crest, composed of small imbricating ossicles, which bear small but robust conical 
spinelets, rather widely and equidistantly spaced. One or more narrow transverse band- 
like sacculi, crowded with minute pedicellarize, occur on the abactinal membrane in the 
interspaces between the ridges, but no tegumentary spicules are present. Beyond the 
ovarial region the abactinal membrane is extremely delicate and is occupied only by the 
bands of pedicellariz. 

- The ambulacral furrow is wide and occupies about 1°75 mm. at a part where the ray 
is 3 mm. (about 50 mm. from the disk). The adambulacral plates are longer than broad, 
measuring about 1°5 mm. at 50 mm. from the disk, and the furrow margin of the plate is 
conspicuously concave. The adambulacral armature consists of :—(1.) Two small inner 
spinelets directed horizontally over the furrow. (2.) A longer, more robust spine, standing 
perpendicularly on the actinal surface of the plate. The lateral spine is borne on a small 
rudimentary infero-marginal plate, so intimately united to the adambulacral plate as to 
appear an integral part of it. The spine, which is remarkably delicate and needle-like, 
measures 8 mm. at about 70 mm. from the disk, and is enveloped in an extremely thin 
membrane with numerous pedicellariz. The actinal spine is shorter and even more deli- 
cate, and is so fragile that I have been unable to find one unbroken near the region indi- 
cated. Nearer the disk they measure 2°5 to 3 mm. in length, and are invested with a 
delicate membranous sheath bearing pedicellariz. The two small inner or furrow-spines 
are equal, less than 1 mm. in length, and are invested with a delicate membrane expanded 
into a slight sacculus at the tip and bearing a few pedicellariz ; one is placed at each 
extremity of the plate, and it thus follows that there are two small spinelets standing 
parallel to one another between each consecutive ambulacral tube-foot. 

The actinostome is large and measures 8 mm. in diameter in a disk 13 mm. in diameter. 
The mouth-plates are moderately large in comparison with the size of the disk, 
and the united pair have a prominent median keel along the line of juncture, which is 
imperfectly closed. Their armature consists of two small spines less than 1 mm. in length 
on the adoral margin of each plate, the inner one, when directed horizontally over the 
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buccal membrane, being parallel to the median interradial line, the outer one radiating 
outward at an angle of about 45° in the same plane. These spinelets are covered with 
delicate membrane, upon which a few microscopic pedicellarise are borne near the tip. 
Midway on the actinal surface of the plate is a single, small, tapering, secondary or super- 
ficial spinelet, about 1°75 mm. in length, also invested with membrane bearing pedicel- 
larize. At the aboral end of each plate is a single small invested spinelet, directed hori- 
zontally over the ambulacral furrow, and separating the first and second tube-feet. It is 
similar in character and size to the small inner spinelet on the adambulacral plates above 
described. 

The madreporiform body, which is small and subtubercular, is situated close to the 
margin of the disk, and it is marked with very few and simple striation furrows, 

Colour in alcohol, a bleached ashy grey, with a slight brownish or flesh-coloured shade 
on the ovarial regions owing to the transparency of the membrane allowing the internal 
organs to be distinctly visible. : 

Locality.—Station 46. Off the coast of North America, east of New Jersey. May 6, 
1873. Lat. 40° 17’ 0” N., long. 66° 48’ 0” W. Depth 1350 fathoms. Blue mud. 
Bottom temperature 37°:2 Fahr.; surface temperature 40°°0 Fahr. 

Remarks.—This species, although allied to Brisinga endecacnemos and Brisinga 
armillata in many points of general detail, is readily distinguished from the former by the 
smaller number of rays, by their great delicacy, as well as by the delicacy of all their 
appendages, by the small and limited ovarial inflation, by the great prominence of the 
transverse ridges over these regions, by the absence of tegumentary spicules, and by the 
armature of the adambulacral plates and mouth-plates. 

Brisinga verticillata may also be distinguished from Brisinga armillata by the 
number of rays, by their great delicacy, by the character of the ovarial regions, and by 
the great prominence of the transverse calcareous ridges. The general habit of the two 
species is quite different. 


4. Brisinga cricophora, nu. sp. (Pl. CIX. figs. 6-8). 


Rays eleven. R=?; 7= 10mm. Breadth of a ray at the base, 6°25 mm.; at the 
widest part of the ovarial inflation, 7 mm. (measured at 25 mm. from the disk) ; at 120 
mm. from the disk, 5 mm, 

Rays very long and narrow, cylindrical, and slightly depressed at the base, gradually 
swelling into a very elongate, slightly fusiform ovarial inflation, which contracts still more 
gradually and terminates imperceptibly, being altogether lost at 75 mm. from the disk. 
Beyond this the section of the ray is subtriangular, with a broad truncate median 


carination ; the rays are rather broad and depressed, much more so than in Brisinga 
endecacnemos. 
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The disk is small and depressed, with the abactinal surface plane and at a higher level 
than the base of the rays, the margin standing nearly vertical and being abruptly rounded 
at the junction with the abactinal surface. The whole abactinal surface is covered with 
minute, papilliform, skin-covered spinelets, all of uniform height, closely placed but dis- 
tinctly spaced. The membrane which covers the abactinal surface of the rays is very 
delicate and semitransparent. The inner portion of the ray, as far as the ovarial region 
extends, is furnished with transverse annular ridges, about twenty-three or twenty-four in 
number. ‘The ridges, which are equidistantly spaced and are opposite to alternate adam- 
bulacral plates, are very flexuous, and not unfrequently two neighbouring ridges on one 
side of the ray may be joined by a longitudinal prolongation in the median radial line and 
united to a single ridge on the opposite side of the ray, apparently corresponding to their 
interspace. ‘The ridges are very narrow and prominent, and are formed of minute imbri- 
cating ossicles, which bear very small, isolated, conical spinelets, the prominence of the 
ridges being greater and the spinelets much more widely spaced than in Brisinga ende- 
cacnemos. The abactinal membrane between the ridges bears narrow saccular bands 
crowded with minute pedicellariz, from one to three being present in each interspace. 
These traverse the ray from side to side or may be interrupted and irregular, and fre- 
quently conform to the flexure of the calcareous ridges. Minute spiniferous spicules are 
also present on the membrane of the ovarial region, and are most numerous at the sides 
of the ray and over the entire base between the disk and the ovarial inflation. Beyond 
the ovarial region the abactinal membrane is extremely delicate, and the saccular bands, 
which are broad and regular, are equally spaced and traverse the ray. 

The ambulacral furrow is wide and measures 3°5 mm. at a part where the ray is 7°5 
mm. (about 75 mm. from the disk). The adambulacral plates are longer than broad, 
measuring about 2 mm. at 75 mm. from the disk, and the furrow margin of the plate is 
rather deeply concave. The adambulacral armature consists of :—(1.) Two small spines on 
the furrow margin, one attached near the adoral end of the plate, which measures about 2 
mm., and the other near the aboral end, but being in the same line as the adoral spine is 
consequently not at the extremity of the plate. This spine measures 3°5mm. Both these 
spines are cylindrical, tapering, and covered with a delicate membrane bearing numerous 
small pedicellaria. (2.) On the actinal surface of the plate is an elongate, delicate, taper- 
ing spine measuring 8 to 9 mm., and invested with a membranous sheath, crowded with 
minute pedicellariz, which develops a short saccular extension at the extremity. 

The lateral spine at about 75 mm. from the disk is also about the same length, 8 to 9 
mm., or a shade longer. It is very delicate, and is similarly invested with a membranous 
sheath crowded with minute pedicellari. It is articulated on the lowest plate of the 
transverse annular ridge—a rudimentary infero-marginal plate—which is so intimately 
united with the adambulacral plate as to appear like a tubercular eminence of that plate. 
Further out on the ray the lateral spines are a little longer, but I have not found any 
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exceeding 11 mm. in length. The innermost twelve or fourteen actinal spines on the 
adambulacral plates are modified in shape in a remarkable manner. They are robust, 
about 5 mm. in length, decreasing as they approach the disk, and have a large, flaring, 
truncate extremity, the component rods becoming enlarged and fusiform at a definite 
distance from the end, which produces the appearance of a superadded, composite, flower- 
like head to the shaft. 

The actinostome is large and measures 12°5 mm. in diameter in a disk 20 mm. in 
diameter. The mouth-plates are small and insignificant, and slightly prominent at their 
aboral end. ‘Their armature consists of one small spine on the adoral margin, invested with 
a thin membranous sheath extended into a vermiform sacculus, the whole about 2°5 mm. 
in length, and bearing numerous minute pedicellariz. On the actinal surface of each 
plate are two spinelets with greatly prolonged sacculi, one behind the other, and forming 
two pairs on each mouth angle, the anterior pair measuring about 5°5 mm., and the posterior 
pair somewhat less. The sacculi are crowded with microscopic pedicellariz. 

The madreporiform body, which is prominent and subtubercular, is situated at the 
margin of the disk, and nearly on the curvature uniting the abactinal surface and the 
lateral wall. 

Colour in alcohol, a bleached ashy white, with a slight flesh-coloured shade on the ovarial 
regions. 

Locality.—Station 24. North-west of St. Thomas, Virgin Islands. March 25, 1873. 
Lat. 18° 38’ 30” N., long. 65° 5’ 30” W. Depth 390 fathoms. Pteropod ooze. Surface 
temperature 76°°0 Fahr. 

Remarks.—This form is very nearly allied to Brisinga endecacnemos ; in fact, owing 
to the fragmentary nature of the material at my disposal, I felt great hesitation at first in 
ranking it as a distinct species. A careful and comparative study of the specimens, how- 
ever, has led me to believe that this step is fully warranted, and that Brisinga cricophora 
may be distinguished by the narrower and more prominent annular ridges with small 
widely spaced spinelets ; by the presence and character of the sacculi crowded with pedi- 
cellarize ; by the more limited position of the tegumentary spicules ; by the more elongate 
and less inflated ovarial regions; by the relatively broader and more depressed rays; by 
the relative proportions of the actinal and lateral spinelets ; by the remarkable form of the 


actinal spinelets on the adambulacral plates at the base of the ray, and by the character of 
the armature of the adambulacral plates and mouth-plates. 


5. Brisinga armallata, n. sp. (Pl. CX. figs. 1-3). 


Rays seven. R=240 mm.; r=9 mm. R>2Q6 rr. Breadth of a ray at the base, 


4:5 mm. ; at the widest part of the ovarial inflation, 7°5 mm. (measured at 24 mm. from 
the disk); at 100 mm. from the disk, 4°5 mm. 
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Rays very long and attenuate, but of a comparatively robust habit in proportion to the 
small size of the disk, when compared with other species of the genus, narrow and cylindrical 
at the base, but gradually swelling into an elongate fusiform ovarial inflation, which 
contracts gradually and terminates at 45 to 48 mm. from the disk, thus occupying about 
the proximal fifth of the length. Beyond the ovarial inflation the ray is subtriangular, 
with a broad median carination, and tapers gradually to the extremity. 

The disk is small and subdepressed, with the abactinal surface subplane and on the 
same level as the base of the rays or even slightly lower. The abactinal surface is covered 
with an exceedingly delicate semitransparent membrane, beset with very minute micro- 
scopic spinelets, each borne on a small subcircular spicule-like plate buried in the membrane 
and widely spaced. No definite order of arrangement is distinguishable amongst these 
spiniferous spicules, and the delicacy of the abactinal membrane is so great that traces 
of the internal organs may be seen through the interspaces. The membrane which covers 
the abactinal surface of the rays is even more delicate than that of the disk. The inner 
portion of the ray, as far as the ovarial region extends, is furnished with transverse 
aunular ridges, similar to those in Brisinga endecacnemos. These are very narrow, often 
irregular, and more or less flexuous, and their normal position appears to be opposite 
alternate adambulacral plates, but this is not invariable. A few isolated spicules may 
be found in the intermediate spaces, and saccular bands crowded with small pedicellariz 
are present, but from the condition in which the specimen now is, I am unable to remark 
on their character or dimensions, but where preserved they appear to be broad continuous 
bands extending from margin to margin. The transverse keels or ridges are formed of a 
number of small ossicles imbricating on one another and bearing minute, isolated, short, 
thorn-like spinelets. Beyond the ovarial region the abactinal membrane was of great 
delicacy, and where present may be seen to form transverse folds or plications, but owing 
to its delicacy it is wanting on the greater portion of the ray. 

The ambulacral furrow is wide and measures 2°75 mm. at a part where the ray is 
4°5 mm. (about 70 mm. from the disk). The adambulacral plates are longer than broad, 
measuring 2 mm. at 70 mm. from the disk, and the furrow-margin of the plate is deeply 
concave. The adambulacral armature consists of :—(1.) two small inner spinelets, directed 
horizontally over the furrow ; (2.) a longer and more robust spine standing perpendicularly 
on the actinal surface of the plate; and (3.) a still longer lateral spine, usually borne on 
every third plate, z.e., with two unarmed plates between, but sometimes there is only 
one. The two small inner spines are attached, one near the adoral and the other near 
the aboral end of the furrow-margin of the plate, and are directed horizontally over the 
furrow at aright angle to the margin. It thus follows that there are two small spinelets 
between each consecutive ambulacral tube-foot. These spines are of equal size, less than 
1 mm. in length, cylindrical, and covered with extremely delicate membrane, on which 


are borne a few comparatively large pedicellariz. The actinal spine is articulated on a 
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small tubercular eminence situated a little on the aboral side of the middle of the actinal 
surface of the plate. It is 3 to 4 mm. in length at 70 mm. from the disk, cylindrical, 
tapering, and invested with a delicate membranous sheath crowded with minute pedi- 
cellarie. The lateral spines are articulated on a rudimentary infero-marginal plate anky- 
losed to the adambulacral plate, which looks like a prominent tubercular eminence near 
its aboral extremity. The spines are delicate, measuring 10 to 12 mm. in length at about 
70 mm. from the disk, and are encased in a delicate membranous sheath crowded with 
very minute pedicellarize, which develops a saccular distal prolongation. On the greater 
part of the ray, two unarmed adambulacral plates usually intervene between those which 
bear lateral spines, but on the outer part of the ray their occurrence on alternate plates 
is frequent. 

The actinostome is large, measuring about 10°5 mm. in diameter in a disk 17°5 mm. 
The buccal membrane is semitransparent, and has a slightly rugose appearance. The 
mouth-plates are comparatively large and occupy the whole breadth of the actinostomial 
ring. The adoral margin of the united pair is almost straight, and the lateral margins 
converge slightly as they approach the mouth, forming a sharp angle with the adoral 
margin. The median suture line is widely open, and the opposed margins of the plates 
are slightly raised. Each plate bears on its adoral margin two small mouth-spines. The 
inner pair are situated near the outer extremity of the adoral margin and are consequently 
wide apart; they are directed horizontally over the buccal membrane and are parallel to 
one another and the median interradial line. The outer spinelets are attached close to the 
base of the companion inner spinelet, and are directed horizontally but at a right angle 
to the direction of the inner spinelet, forming a bar across the ambulacral furrow 
at the margin of the actinostome. These marginal mouth-spines are about 1 mm. in 
length, are covered with delicate membrane, and do not appear to bear pedicellariz 
generally, though a few isolated ones may be seen on the shafts in some cases. On the 
middle of the actinal surface of the plate is a cylindro-conical secondary mouth-spine, 
thick at the base and tapering to a point, about 2°75 mm. in length, covered with delicate 
membrane crowded with very small pedicellarize, and articulated on a small tubercle. 

The madreporiform body is prominent and subtubercular, oval in outline and with 
the greater diameter in the median interradial line; the central portion of its surface 
bears a few short striation furrows, presenting a rather compact disposition in comparison 
with the structure seen in some species of Brisinga. The position of the madreporiform 
body is internal or adcentral in relation to the “ odontophore,” from which it is clearly 
distinct; the so-called odontophores are superficially visible in the lateral wall of the 
disk as elongate casque-shaped plates. 

Colour in alcohol, a bleached ashy white, with a slight pinkish or flesh-coloured shade 
on the ovarial regions of the rays and over parts of the abactinal surface of the disk, owing 
to the transparency of the membrane allowing the internal organs to be distinctly visible. 
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Locality.—Station 237. Off the coast of Japan, south of Kawatsu. June 17, 1875. 
Lat. 34° 37’ 0” N., long. 140° 32’ 0” E. Depth 1875 fathoms. Blue mud. Bottom 
temperature 35°°3 Fahr. ; surface temperature 73°:0 Fahr. 

Remarks.—The specimen above described consists of the disk and two entire rays, 
with portions of two others. At first sight its characters vividly recall those of Brisinga 
encecacnemos, but the species is readily distinguished by the smaller number of rays, by 
the character of the adambulacral armature, by the extraordinary delicacy of the abactinal 
membrane, and by the simplicity of the covering of the disk; the lateral margin of the 
disk is also distinctly bevelled in contrast to the more precipitous wall in Brisinga 
endecacnemos. 


6. Brisinga membranacea, u. sp. (P]. CX. figs. 8 and 9). 


Disk and number of rays unknown. R=75 mm. Breadth of a ray at the base, 2°5 
mm.; at the widest part of the ovarial inflation, 3 mm. (measured at 12 mm. from the 
base of the ray) ; and midway between the extremities, 1°75 mm. 

Rays elongate, slender, and tapering to a fine extremity, but they appear to be compara- 
tively short in proportion to their robustness as compared with the majority of the species of 
Brisinga ; subcylindrical and depressed at the base, thence swelling slightly and gradually 
into a very feebly developed ovarial inflation and as gradually contracting, the widest 
part being comparatively far removed from the base of the ray, which causes the ovarial 
region to appear to occupy quite the inner third of the length. Outward beyond this 
point the ray is subtriangular. 

The abactinal surface of the ray is covered with an extremely thin and delicate 
membrane. On the inner third or fourth of the ray, that is to say on the ovarial region, 
there are a few irregularly disposed transverse annular calcareous ridges, eight or nine in 
number. These are remarkably narrow, and formed of very delicate elongate ossicles, 
some of which bear short, delicate, hair-like microscopic spinelets. Between the calcareous 
ridges and along the ray beyond the ovarial region are saccular transverse bands or areas 
crowded with small pedicellarize. 

The ambulacral furrow is wide and measures 1°5 to 1°75 mm. at a part where the ray 
is 2°75 mm., about 10 mm. from the base of the ray, The adambulacral plates are longer 
than broad, measuring 1°75 mm. at 10 to 15 mm. from the base of the ray; they are 
considerably constricted midway between their extremities, and the furrow-margin is 
distinctly concave. The adambulacral armature consists of :—(1.) one small inner spinelet 
directed horizontally over the furrow ; (2.) a small actinal spine, standing perpendicularly 
on the actinal surface of the plate; (3.) a moderately long lateral spine, normally corres- 
ponding to every alternate plate, articulated on a small independent marginal plate. The 
small inner spine is attached near the aboral end of the plate, and is situated quite within 
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the furrow, over which it is directed horizontally and not quite at a right angle to the 
axis of the plate, but directed very slightly aborally. Its length is about equal to half 
the width of the furrow, and it.is covered with a membrane so delicate and close fitting 
as to appear naked. Not more than one or two pedicellariz are present, and these are 
often wanting. The actinal spine is articulated on a small tubercular eminence near the 
middle of the actinal surface of the plate; it is about 1°5 to 2 mm. in length at 20 mm, 
from the base of the ray, delicate, cylindrical, rather robust at its base and tapering to a 
sharp point, and is invested with a delicate membranous sheath crowded with minute 
pedicellariz. The lateral spines are delicate, cylindrical, tapering, 3°5 to 4:0 mm. in 
length at 25 mm. from the base of the ray, and encased in a membranous sheath crowded 
with pedicellariz, and each is articulated on a small, triangular, rudimentary plate— 
the reptesentative of an infero-marginal plate. These small rudimentary plates are 
sutured to the adambulacral plates by the base of the triangle, and the lateral spine is then 
articulated on the aboral facet, the normal direction of the spine being consequently out- 
ward at an angle of about 45° to the axis of the ray, and this conspicuous little plate 
recalls in the most vivid manner the attachment of the pinnule of a Comatula. At the 
extreme base of the ray there are two of the rudimentary marginal plates (which Sars? 
named dorso-marginal) ; the first, which articulates on the so-called odontophore, is as long 
as the adambulacral plate on which it is superposed, whilst the next is very much smaller. 
I consider that these are the representatives of infero-marginal plates and not supero- 
marginal, as supposed by Sars 


a mistake which I would suggest has arisen from the 
adambulacral plate appearing at first sight to stand as an inferior marginal plate in rela- 
tion to these small plates. From the fact that the plates in question are attached to 
the adambulacral plates and the odontophore, and likewise when further out on the 
ray bear the lateral spine, it would, in my opinion, seem far more natural to rank 
them as the rudiments or representatives of infero-marginal plates than of supero- 
marginals. 


Colour in alcohol, a rather dark brownish grey, the ambulacral tube-feet being dark 
brown. 

‘ Locality. —Station 146. Between Marion Island and the Crozet Islands. December 
29, 1873. Lat. 46° 460” S., lone. 45° 31 0” E. Depth 1375 fathoms. Globigerina 
ooze. Bottom temperature 35°°6 Fahr. ; surface temperature 43°:0 Fabr. 

Station 147. West of the Crozet Islands. December 30, 1873. Lat. 46° 16’ 0”S., 
long. 48° 27'0" E. Depth 1600 fathoms. Diatom ooze. Bottom temperature 34°°2 Fahr. ; 
surface temperature 41°-0 Fahr. 

Rema rks.—Brisinga membranacea is remarkable for the extremely delicate and rudi- 
mentary character of the abactinal skeleton which is represented only by transverse bars 


On some remarkable forms of animal life from the great depths off the Norwegian coast, Part IL., 
University Program, Christiania, 1875, p: 9 
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onthe ovarial region, of the narrowest and most attenuated description. It is further 
characterised by the absence of tegumentary prickles in the abactinal membrane, by the 
single small inner spinelet in the armature of the adambulacral plates, and by the com- 
paratively short lateral spines. 


7. Brisinga discincta, n. sp. (Pl. CX. figs. 4-7). 

Disk and number of rays unknown. R=180 mm. Breadth of.a ray at the base, 
4 mm. ; across the middle part of the ovarial region, 3°8 mm. (measured at 14 mm. from 
the base); and at 100 mm. from the base, 2°75 mm. 

Rays elongate and tapering throughout from the base, no special ovarial inflation 
perceptible ; subcylindrical and depressed at the base but still with a subtriangular 
tendency; at a short distance from the base the true subtriangular form is assumed, 
the vertical height in proportion to the breadth being somewhat greater than usual, with 
the converging slopes straighter and less incurved, and the median carination narrow 
but sharply truncate. 

Two ray fragments, which measure 114 and 66 mm. respectively, I believe from their 
width and general appearance to have both belonged to one ray; even in this case the 
terminal portion is still wanting to form an estimate of the full length. 

The abactinal surface of the ray is covered with an extremely thin and delicate mem- 
brane ; at the base of the ray there are two or three transverse annular bands, none really 
complete, of small narrow spicular plates, and rudiments of one or two still more incom- 
plete, consisting of only one or two small plates at the margin of the ray, These are 
the aborted representatives of the annular ridges in other forms, and no other spicules 
are present in the membrane beyond this point in the species under notice. Tolerably 
numerous small pedicellarie are present upon the membrane along the ray, and were 
probably disposed in transverse bands, this being distinctly the arrangement on the 
proximal part of the ray. 

The ambulacral furrow is wide and measures 1°25 mm. at a part where the ray is 
3 mm., about 40 to 50 mm. from the base. The adambulacral plates are fully twice as 
long as broad, measuring 2 mm. at about 50 mm, from the base. Both the furrow-margin 
and the outer margin are considerably incurved, and the ossicle is slightly flattened 
actinally and has somewhat of a twisted appearance when viewed from above; the adoral 
end is convex, the aboral concave, and the plates overlap considerably. The adambulacral 
armature consists of :—(1.) normally four small inner spinelets directed horizontally over 
the furrow, though sometimes only three are present; (2.) a small actinal spine standing 
perpendicularly on the actinal side of the plate; (3.) a long delicate lateral spine, articu- 
lated on a small rudimentary infero-marginal plate, corresponding to every third adambu- 
Jacral plate, 7.e. two unarmed adambulacral plates intervene between each successive lateral 
spine. Of the small inner spines, two, which stand close together and often one rather 
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above the other, are attached at the extreme aboral end of the plate; two similar 
spinelets, also near together, stand near but not close to the adoral end of the plate, and 
are likewise directed over the furrow. These inner or furrow spinelets are very delicate 
and hair-like, less than 1 mm. in length, and have attached to them one comparatively 
large pedicellaria, and occasionally apparently one or more at the base. Sometimes there 
is only one small spinelet at the aboral end of the plate. The actinal spine, which is 
short (about 1 mm. in length), but robust at the base and sharply tapering, is articulated 
on a small tubercle near the middle of the actinal surface of the plate, and is encased 
in a delicate membranous sheath with numerous pedicellarie. The lateral spines are 
17 to 18 mm. in length at 100 mm. from the base, very delicate, slender, and tapering, 
and are covered with an exceedingly thin membrane crowded with minute pedicellariz 
and presenting a considerable saccular prolongation at the extremity. ach lateral spine 
is articulated on a small subtriangular plate—the rudimentary representative of an infero- 
marginal plate—attached by suture to the lateral margin of the adambulacral plate, and 
with its adoral side rounded, the last-named feature causing the plate at first sight to 
appear as a truncate tubercular eminence on the adambulacral plate. At the extreme base 
of the ray there are two of the rudimentary infero-marginal plates: the first, which arti- 
culates on the odontophore, is as long as the underlying adambulacral plate, but diminishes 


rapidly in height between its adoral and aboral ends; the second marginal plate is shorter 
than the first and tapers to a point. Beyond this are several elongate scale-like plates, 
which may perhaps be an aborted continuation of the marginal plates. 

Locality.—Station 160. South of Australia. March 13, 1874. Lat. 42° 42’0”S., 
long. 134° 100” E. Depth 2600 fathoms. Red clay. Bottom temperature 33°°9 Fahr. ; 
surface temperature 55°°0 Fahr. 

Remarks.—Brisinga discincta is characterised by the almost complete abortion of the 
abactinal skeleton, this being represented only by a few minute plates on the ovarial region, 
which do not form a single entire transverse band. So far as I can judge from the frag- 
ments collected the alliance of this species to the form described by Perrier under the 
name of Iymenodiscus appears to be very close, and lends support to the doubt which I 
have expressed as to the generic independence of that form. Brisinga discincta may be 
further distinguished from the other members of the genus by the absence of tegumentary 
prickles in the abactinal membrane, by the presence of three or four inner spinelets in the 
armature of the adambulacral plates, and by the length of the lateral spines. 


Genus Freyella, Perrier. 
Freyelia, Perrier, Ann. Sci. Nat. (Zool.), 1885, t. xix. Art. No, 8, p. 5. 


The genus Freyella, like the genus Odinia, is due to the critical insight of M. Perrier. 
Species of both genera have previously been ranked as Brisinga, notwithstanding the 
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possession of characters which fully warrant their separation. As now classified, the 
species present a remarkable similarity of general- facies, and the comparatively small 
amount of morphological plasticity exhibited by the genus is extraordinary, considering 
the wide geographical area over which it is distributed. The bathymetrical range is also 
remarkable, extending from the commencement of the continental zone to the greatest 
depth at which starfishes have been found. 

The genus Freyella is distinguished from the other members of the Brisingide by 
having the disk and the basal portion of the rays covered with scale-like, calcareous plates, 
frequently imbricating, and forming a more or less compact calcareous casement. The 
plates bear one or more spinelets. No papule are present. 


Synopsis of the Species included in the Genus Freyella, herein described. 


A. Rays ten or more in number. 
a. Mouth-spines free and spiniform, Abactinal plating well-developed 
and imbricating. 
a. Mouth-spines proper three or four on each plate. 
a, Adambulacral armature with the inner spine doubled. 


Rays ten in number, broad and robust . 2 . . pennata. 
8. Adambulacral armature with the inner spine single. 
Rays seventeen in number, very delicate : F . polycnema. 


6. Mouth-spines proper one or two on each plate. Adambulacral 
armature with one inner spine. Rays usually more than 
ten in number (10 to 12). 
a, Abactinal plates bearing large spinelets with mem- 
branous sheaths crowded with pedicellaria, Rays 
eleven or twelve in number , 4 A . : . echinata. 
f. Abactinal plates bearing small spinelets with simple 
membrane devoid of pedicellarie. 
i. Buccal membrane with largely developed 
papilliform villous appendages. Rays 
ten or eleven in number : , . . fragilissima. 
ii. Buecal membrane with no specially developed 
villous appendages. 
1. Rays constantly twelve in number. Spine- 
lets on the abactinal plates few, one to 
three on each. Lateral spines rather 
short and not very delicate, Outer 
mouth-spines forming a bar across the 
ambulacral furrow . : ‘ ; - bracteata. 
2. Rays ten to twelve in number. Spinelets 
on the abactinal plates more nume- 
rous, five to ten on each. Lateral 
spines long and very delicate, Outer 
mouth-spines not forming a bar across 
the ambulacral furrow. F - dimorpha. 
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b. Mouth-spines proper more or less aborted; when present confined in 
an attached membranous sac. Abactinal plating rudimentary, 
microscopic, and not imbricating. Rays ten. Lateral spines 
very long. Ovarial regions very short . : . 5 : remex. 
B. Rays less than ten in number. 
a. Rays six in number. Mouth-spines straight and spiniform. 
a. Abactinal plating extending beyond the ovarial region ; each 
plate with a central tubercle only, bearing a spinelet covered 
with membrane crowded with pedicellarie, One mouth- 
spine proper . : 9 5 . S 5 : 5 : tuberculata. 
6, Abactinal plating not extending beyond the ovarial region ; 
each plate bearing two or three small spinelets, covered 
with simple membrane devoid of pedicellariz, One or two 
mouth-spines proper : ° : 5 : : 
b. Rays nine in number. Mouth-spines subcrescent or scimitar-shaped. 
Adambulacral armature with one inner spine. Abactinal plates 
with three to five small spinelets 3 ° : 5 : 
ce. Disk and number of rays unknown. Probably nearly allied to the 
preceding species, but the segments of the ray are longer. 
Adambulacral armature devoid of an inner spine, except at the 
base of the ray. Abactinal plates with one to three small spinelets 5 attenuata. 


benthophila. 


heroina. 


Chorology of the Genus Freyella. 
a, Geographical distribution :-— 
ATLANTIC : Seven species between the parallels of 50° N. and 10° §. 

Freyella americana, off Nova Scotia. *“Freyella bracteata, off 
the coast of North America, east of New Jersey and Massachusetts, 
and south of Nova Scotia. reyella elegans, between Cape Hatteras 
and Nova Scotia. reyella spinosa, off the coast of the Soudan. 
“Freyella tuberculata, between the Canary Islands and Cape Verde 
Islands, and between the south coast of Africa and the Island of 
Ascension. Freyella sexradiata, dredged by the “ Talisman” (? loc.). 
Freyella edwardsi, dredged by the “ Travailleur ” (? Mediterranean). 

SOUTHERN Ockan: One species between the parallels of 45° and 65° S. 

“Freyella fragilissima, between Marion Island and the Crozet 
Islands, and in the neighbourhood of the pack ice near the Antarctic 
circle. 

Eastern ArcuIPELaco: One species between the parallels of 0° and 20° N. 

*Freyella echinata, in the Celebes Sea between Celebes and Min- 
danao, and west of the island of Luzon, and extending into the Pacific. 

Paciric: Hight species between the parallels of 40° N. and 45° S. 

*Freyella heroina, in the Mid-North Pacific, near the meridian of 
170° EK. *Freyella pennata, off the coast of Japan, south of Kawatsu. 
“Freyella attenuata, west of the Mariana or Ladrone Islands. *rey- 
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ella echinata, midway between the Pelew Islands and New Guinea, 
and extending into the Eastern Archipelago. *Freyella dimorpha, 
off Torres Strait, Pacific side. *“Freyella remex, in the Coral Sea, 
south-east of New Guinea. *Freyella polycnema, north-east of the 
Kermadec Islands. *Freyella benthophila, in the Mid-South Pacific, 
near the meridian of 130° W. 


8. Bathymetrical range: 175 to 2900 fathoms. 


Greatest range of one species: Preyella elegans, 606 to 2021 fathoms (fide 
Verrill). 

With the exception of Freyella americana, which occurs in the Continental 
zone, all the other species are confined to the Abyssal zone. The following eight 
species live in depths greater than 2000 fathoms: Freyella attenuata, Frey- 
ella benthophila, Freyella echinata, Freyella elegans (fide Verrill), Freyella 
heroina, F'reyella remex, Freyella sexradiata (fide Perrier), and Freyella tuber- 
culata. 


y. Nature of the Sea-bottom: Freyella benthophila, Freyella heroina, and Freyella 


remex, occur on Red clay ; Freyella bracteata, Freyella echinata, and Freyella 
pennata, on Blue mud; Freyella echinata is also found on Globigerina ooze ; 
Freyella dimorpha, Freyella fragilissima, and Freyella tuberculata on Globige- 
rina 00ze, Freyella fragilissima is also found on Diatom ooze; Freyella attenuata 
on Radiolarian ooze. F'reyella polycnema inhabits hard ground. 


The species collected by the Challenger Expedition are indicated in the foregoing list 
by an asterisk. 


Chorological Synopsis of the Species. 


Freyella americanc . 
Freyella attenuata . 
Freyella benthophila 
Freyella bracteata 
Freyella dimorpha . 


Freyella echinata 


Freyella edwardst 
Freyella elegans 
Freyella fragilissima 
Freyella heroina 
Freyella pennata 
Freyella polyenema . 
Freyella remex 
Freyella sexradiata . 
Freyella spinosa 
Freyella tuberculata. 


, Ocean. Range in Fathoms, Nature of the Sea-bottom, 

Atlantic. 175 500 we 

Pacific. 2300 Radiolarian ooze, 

Pacific, 2550 Red clay. 

Atlantic. 1250 to 1350 Blue mud, 

Pacific. 1400 Globigerina ooze. 

Eastern Archipelago | \ 1959 to 2150 | Blue mud; Globigerina ooze. 
and Pacific. f 


J 


Atlantic. eee 

Atlantic. 606 to 2021 566 500 

Southern, 1375 to 1975 Globigerina ooze; Diatom ooze. 
Pacific. 2900 Red clay. 

Pacific. 1875 Blue mud. 

Pacific. 600 Hard ground. 

Pacific. 2440 Red clay. 

Atlantic. 2733 a 

Atlantic, 784 O05 Ree 

Atlantic. 2350 to 2400 Globigerina ooze. 


(ZOOL. CHALL. EXP.—PART L1.—1888.) 


“1 
[oa] 


618 THE VOYAGE OF H.M.S. CHALLENGER. 


1. Freyella pennata, n. sp. (Pl. CXI. figs. 1-4). 


Rays ten. R=200 to 240 mm.; 7=11 mm. R>20r. Breadth of a ray at the base, 
6 mm. ; at the widest part of the ovarial expansion 10 to 11 mm., this latter dimension 
being situated at about 15 mm. from the place of junction with the disk; midway 
between the base and the extremity the breadth of the ray is 4°5 mm. 

Rays of great length, delicate, subcarinately cylindrical (or, perhaps, more correctly, 
subtriangular and truncate along the median line), slightly constricted at the base and 
narrow for a short distance scarcely equal to twice the breadth and then expanding rather 
abruptly into a fusiform ovarial inflation, which gradually contracts and the ray from 
thence tapers regularly to the extremity. 

The disk is small, elevated rather abruptly above the level of the rays at their base, 
with the abactinal surface subplane and undulating. The small narrow portion of the ray 
which intervenes between the disk and the ovarial swelling is cylindrical, and a longi- 
tudinal section through the median radial line would exhibit a rather deep concavity 
between the disk and the swelling, the descent being more rapid near the former than the 
latter. The lateral wall of the disk in the interbrachial arcs is vertical. The disk and 
the basal portion of the rays for some distance beyond the ovarial swelling are covered 
with a fleshy membrane through which protrude a number of very minute, delicate, 
uniform, pointed spinelets, so small that the spiniferous membrane as a whole only presents 
an appearance to the naked eye suggestive of a rather coarse velvet pile. When examined 
microscopically the membrane is found to be underlaid by a pavement of thin, delicate, 
irregularly suboval, imbricating calcareous plates, each of which bears from two to four 
small, cylindrical, tapering, pointed spinelets 0°6 to 0°38 mm. in length and a few small 
crossed pedicellariz (about six or eight). The spinelets, which are of very simple structure 
and built up of not more than three or four outer rods, with scalariform dissepiments, are 
enclosed in a membranous sheath, the thickness of the invested spine being about 0:133 
mm., and the thickness of the calcareous spine alone about 0°066 mm. near the base. The 
pedicellarize, which are sessile and of the characteristic form found on Brisingidz generally, 
are very small, a closed pedicellaria not measuring more than 0°135 mm., from the base 
to the apex of the valves. The pavement plates are of extreme delicacy, presenting a 
single layer of extremely fine calcareous network, the meshes having a diameter of about 
0°022 mm., and rarely a few are slightly larger. This spiniferous, plate-paved mem- 
brane extends uninterruptedly and uniformly over the disk and along the basal portion of 
the rays for a distance of about 50 mm. from their attachment to the disk, in fact as far 
as the generative organs reach. From this point an exceedingly delicate membrane with- 
out plates covers the ray up to the extremity. This membrane is so fine and transparent 
that the ambulacral ossicles of the ray are clearly visible through it, indeed its presence is 
not at first sight detected, and the rays have the superficial appearance of being denuded 
of membrane beyond the point where the spiniferous membrane ‘of the ovarial regions 
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terminates. The membrane is furnished with elongate saccular bands placed saddle-like 
upon the truncately arched abactinal surface of the ray with great regularity, one on 
each side of each pair of ossicles, limited, however, to the sides, and not united across 
the median line. The sacculi extend from the horizontal line of the ambulacral ‘ verte- 
bree” to the margin of the ray, this dimension being about 2°5 mm., and the breadth of 
the band is about 0°75 tol mm. They have their surface crowded with very minute 
pedicellarize, visible only under high magnification. These are similar to those already 
mentioned, but are smaller, their length being about 0°11 mm, 

The section of the ray midway between the centre and the extremity gives an outline 
which may be described as subtriangular with the apex truncate, the greater portion of 
the base-line is occupied by the ambulacral furrow, the extremities of the line being 
represented by the adambulacral plates. 

The angular margin of the ray is fringed by a continuous series of elongate lateral spines ; 
these are attached to a rudimentary marginal plate ankylosed to the outer side of the 
adambulacral plates, and are directed horizontally and outward at an angle of less than 45° 
to the axis of the ray. They are usually borne on every other adambulacral plate, but 
occasionally they are present on two consecutive plates. Their presence is very irregular 
on the basal part of the ray (for about 25 mm.), and they are quite short and stunted (3°5 
mm. in length) until the ovarial region is passed ; they then increase in length, and con- 
tinue to increase gradually to a slight degree, their greatest length being near the middle 
of the ray, where they measure about 12 mm., and then after some distance gradually 
diminish in length towards the extremity. The spines are delicate and cylindrical, about 
0°26 to 0°3 mm. in thickness near the base, and taper throughout to an extremely fine, sharp 
poimt. The base forms a small condyle-like head, by which the spine is articulated to its 
plate. The spine is encased in a delicate membranous sheath, the surface of which is 
crowded with minute pedicellariz, so small as to be quite invisible to the naked eye, and 
only giving the appearance of a delicate superficial asperity on the spinelet when examined 
with a hand-magnifier. The sheath is prolonged for a short distance beyond the extremity 
of the spine in the form of a slightly bulbous sac, which is usually turned a little to one 
side as if the spinelet maintained an attachment to one of the lateral walls of the sacculus 
rather than occupying a central position; furthermore, the membranous sheath does not 
taper in conformity with the tapering of the contained spine (see fig. 4). The pedicellarize 
are of the same kind as those already noticed; they diminish a little in size as they 
approach the extremity of the spine, and the largest, which are situated near the base, 
measure about 0°1 to 0°116 of a millimetre in length. 

The ambulacral furrow occupies nearly the whole of the actinal surface of the ray, being 
2°5 mm. in width at a place where the whole ray is 5°75 mm. The adambulacral plates 
form the rest of the area, and have the appearance of constituting only a thin margin 
to the furrow; their shape as viewed from beneath is semicylindrical, with the furrow- 
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margin of the plate gently concave and forming a little bay along which the ambulacral 
tube-foot passes. Adjacent plates are united by a rather broad tract of muscular 
ligament, and when this is removed by alkali the plates appear to stand widely spaced. 
The armature of the adambulacral plates is very simple. On the middle of the plate one 
large spine stands perpendicularly ; this is more than half the length of the lateral spines 
above described, its measurement being 6°5 mm., and like these it is clothed in a precisely 
similar membranous sheath, crowded with pedicellariz, and furnished with a similar sac- 
cular expansion at the tip. On the inner portion of the ray this spine is truncate at its 
distal extremity and often flaring ; beyond the ovarial region it is tapering and sharply 
pointed, and the spines increase slightly in length till the maximum is attained within the 
middle third of the ray. At the aboral extremity of the plate, and immediately on the 
furrow margin, is a very minute spinelet not more than a millimetre in length, and directed 
at an angle of about 45° over the furrow. This spine is cylindrical, tapering, and covered 
with a closely-fittng membrane, without the crowded pedicellariz ; two to six pedicel- 
larize, however, usually stand in a little group, and form a sort of collarette midway between 
the extremities of the spine. Occasionally this small inner spine is accompanied by a 
companion spine of similar size and character, standing close to it, but rather more adoral 
and higher in the furrow, On the outer margin of the plate, and articulating on a small 
rudimentary infero-marginal plate ankylosed to the adambulacral plate, and appearing 
like a subtubercular elevation near the aboral end, is the long lateral spine above described, 
and this as already noticed is usually present only on alternate plates. No other spines 
are borne on the adambulacral plates. 

The actinostome is large and of wide expanse, occupying three-fifths of the actinal 
surface of the disk, its diameter being 12 mm., in a disk of 20 mm. diameter. Within 
its periphery, and at a higher level within the disk, extends a more or less broad tract of 
buccal membrane, in the centre of which is the large mouth. The muscular system of 
the buccal membrane is strongly developed, and the margin of the mouth is crenulated by 
the numerous plications, the lines of which upon the membrane near the mouth-opening 
have a verrucose appearance, 

The mouth-plates are small and inconspicuous, the united pair forming a shield-shaped 
“mouth-angle,” with a well-rounded margin adorally and subparallel sides. The median 
juncture is invisible on account of the investing membrane. On the adoral margin 
three or four mouth-spines stand on each side of the median line, equidistantly spaced, 
radiating apart, and directed over the buccal membrane; they are very little more than 
1mm, long (scarcely 1°5 mm.), the inner pair being perhaps a trifle longer than the 
others ; the third spine (or the fourth when present) is placed a little further back from 
the margin, on the surface of the plate, than its predecessors, and is succeeded by a large 
secondary spinelet, 3°75 to 4 mm. long, quite on the surface of the plate but still near 
the margin ; this is followed by one, or sometimes a pair of small spinelets, in the same 
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position as the spinelets arming the adambulacral plates, indeed from the fact that this 
spine (or pair of spines) separates the first and second pair of ambulacral tube-feet, it is 
doubtful whether they can properly be ranked with the mouth-plate armature or not. It 
is here easy to see that the secondary or superficial mouth-spine is the representative of the 
large outer perpendicular spine of the adambulacral armature throughout the ray ; like 
them also it is encased in a membranous sheath crowded with pedicellariz. The short 
marginal mouth-spines are cylindrical and tapering, covered with a close-fitting membrane, 
with a few isolated pedicellarize on their shaft, usually situated more or less midway 
between the extremities. 

The ambulacral tube-feet are stout and short, with a well-developed sucker-disk 
strongly invaginated centrally. 

The madreporiform body is small and more or less hidden by the dermal spinelets of 
the disk; its presence, however, is indicated by the irregularity of spinelets about it, and 
its position is very little removed from the margin of the abactinal surface. 

Colour in alcohol, a bleached yellowish white, the lateral spinelets being a purer 
white. 
Locality.—Station 237. Off the coast of Japan, south of Kawatsu. June 17, 1875. 
Lat. 34° 37’ 0” N., long. 140° 32’ 0” E. Depth 1875 fathoms. Blue mud. Bottom 
temperature 35°°3 Fahr. ; surface temperature 73°°0 Fahr. 

Remarks.—Freyella pennata may be distinguished from the other members of the 
genus by the character of the armature of the mouth-plates and of the adambulacral 
plates, and by the presence of ten comparatively broad robust rays. The presence of the 
additional small spinelet on the furrow margin of the adambulacral plates appears to be 
dependent on age. In some large fragments of this species even three are present at the 
base of the ray, and form a small oblique series; this number, however, appears to be of 
rare occurrence. 


2. Freyella polycnema, n. sp. (Pl. CIX. figs. 12-17). 


Rays seventeen, R=?mm.; r=5'75 mm. Breadth of a ray at the base, 1°8 mm. 

Rays very delicate, subtriangular in section, with a median carination. Unfortunately 
only a few small fragments were collected, and all are detached from the disk and much 
mutilated ; it is, therefore, impossible to state the length or to describe the general habit 
of the rays. 

The disk is very small and depressed, with the abactinal surface slightly concave in 
its present state, and the margin abruptly bevelled to the base of the rays. The abactinal 
surface of the disk is covered with delicate membrane, which appears to be beset with 
minute plates bearing minute, conical, sharply pointed thornlets, distinctly spaced and 
quite microscopic in size. The membrane which covers the abactinal surface of the rays 
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is extremely delicate, and I do not detect in the fragments preserved any trace of an 
ovarial inflation. All the fragments appear to give a part, if not the whole, of the basal 
portion. This membrane is smooth and stretched, and a few widely spaced microscopic 
thornlets are present, grouped in more or less definite, rather broad, transverse bands. 
Examination under the microscope with suitable illumination reveals the presence of under- 
lying plates upon which the thornlets are borne, and I have on these grounds ranked the form 
as a Freyella. A few small pedicellariz are also present. There is no trace of any cal- 
careous ridges or transverse sacculi with crowded pedicellariz as in Brisinga. Beyond the 
basal part of the ray the abactinal membrane is extremely delicate and perfectly transparent. 

The ambulacral furrow is wide, and measures about 1 mm. at a part where the ray 
measures 1°75 mm., at 11 mm. from what I believe to be the base of the ray. The adam- 
bulacral plates are much longer than broad, and the ninth measures nearly 15 mm. at 12 
mm. from the base. ‘The shape of the plate seen actinally greatly resembles that of a long 
caudal vertebra, its furrow margin being deeply concave, and the outer margin to a less 
degree. The breadth of the plate at the adoral extremity is rather greater than at the 
aboral extremity. The adambulacral armature consists of :—(1.) A minute, delicate, inner 
spine, directed over the furrow, about 0°5 mm. in length, placed at the aboral extremity 
of the plate, directed horizontally and at a slight angle adorally. This spinelet is covered 
with very thin membrane, on which are borne near the tip two or three or more small 
pedicellarize. On the inner part of the ray a second spinelet is placed at the adoral end of 
the plate, but not more than half the size of that above described; it is also directed hori- 
zontally, but at a slight angle aborally. This small adoral spinelet does not appear to 
extend further than the eighth plate. (2.) On the actinal surface of the plate is an exceed- 
ingly delicate, tapering, needle-like actinal spine, the ninth from the base measuring 2:5 
mm. in length. It is covered with a delicate membranous sheath, on which are borne a 
considerable number of pedicellariz, and is articulated on a small tubercular eminence 
rather nearer the aboral end than midway on the plate. (3.) A single elongate, extremely 
delicate lateral spine is articulated on a small plate—a rudimentary infero-marginal plate— 
so intimately united to the adambulacral plate as to appear like a tubercular eminence on 
its surface. One appears to be present on each alternate plate. The twenty-second or 
twenty-third spine (which appears to be the longest on the fragments preserved) is about 
5 mm. in length, and is invested with a thin membranous sheath, having a small saccular 
extension at the distal extremity, and bearing a great number of minute pedicellariz 
usually on peduncles. The ambulacral ossicles or segments are remarkable for their length, 
and when seen from above have the appearance of two thin cylindrical rods placed side 
by side. 

The actinostome is wide, and measures 7°5 mm. in diameter in a disk 11°5 mm. in 
diameter. The mouth-plates are small and rather elongate, slightly expanded and rounded 
anteriorly, and the median suture-line is not closed. Their armature consists of three 
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small spines on the adoral margin of each plate, which are directed horizontally over the 
buccal membrane, and radiate slightly apart, forming an elegant comb of six spinelets at 
each mouth-angle. The spinelets are subequal in length, invested with delicate membranous 
sheaths, on which are borne several comparatively large pedicellariz. On the actinal 
surface of the plate is a single, comparatively large, and robust secondary or superficial 
spine, about 2 mm. in length, often, and perhaps normally, slightly flaring at the tip. 
This spinelet was invested with membrane, but I am unable to remark upon the character 
or number of the pedicellarize borne upon it. 

The madreporiform body, which is small and rather inconspicuous, is somewhat more 
remote from the margin than usual in the Brisingidx. It is very simply punctured, a single 
figure-3-shaped striation and one or two isolated irregular pores being all that I can detect. 

Colour in alcohol, a light dirty ashy grey. 

Locality.—Station 171. North-east of the Kermadec Islands. July 15, 1874. Lat. 
28° 33’ 0” S., long. 177° 50’ 0” W. Depth 600 fathoms. Hard ground. Bottom tem- 
perature 39°°5 Fahr. ; surface temperature 66°°5 Fahr. 

Remarks.—Freyella polycnema differs from all the other species of the genus by the 
great number of its rays, by their delicacy, and by its small size. With the single excep- 
tion of Freyella pennata, a large robust form with ten rays, it is the only other species 
with three true mouth-spines on each mouth-plate. By the above-mentioned characters, 
as well as by other minor points of detail, it may be readily distinguished from all the 
known species. 


3. Freyella echinata, n. sp. (Pl. CXIL figs. 1-5). 


Rays eleven. R= 202 to212mm.;r=12mm. R>177. Breadth ofa ray at the base, 
6 mm. ; at the widest part of the ovarial inflation, 9 mm., which is measured at a distance 
of about 18 mm. from the junction with the disk. At 40 mm. beyond the disk the width 
of the ray is 4°5 mm., and about midway between the base and the extremity, 3°2 mm. 

Rays of great length and delicacy, cylindrical and narrow at the base, thence gradually 
swelling into a robust, but not greatly tumid, fusiform ovarial inflation, occupying less 
than the proximal fifth of the length (actually 37 mm.), beyond which the ray is sub- 
triangular, with a truncate carination, and tapers gradually to a very attenuate extremity. 

The disk is small and slightly elevated above the level of the rays at their base, with 
the abactinal surface probably capable of slight inflation ; in its present condition rather 
concave, which is somewhat emphasised by the moderate prominence of the basal arches of 
the rays, formed by the ambulacral plates at their junction with the disk.’ The ovarial 
inflation is not so great abactinally as laterally, hence the concavity seen in the profile 
view of the ray, intervening between the elevated margin of thé disk and the ovarial 
inflation, is not so deep as in some species. 
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The fleshy membrane covering the disk and the basal portion of the rays, as far as 
the ovarial region extends, is underlaid by a pavement of rather large calcareous plates, of 
irregular suboval, subhexagonal, or subrhomboid form, with their greatest diameter trans- 
verse to the direction of the ray, which imbricate upon one another. On the disk the 
membrane is sufficiently thick to hide the plates from superficial observation; on the 
ovarial region, however, the membrane is thinner, and the plates can readily be seen with 
a hand-maegnifier. On the disk the plates bear only very small spinelets, less than half a 
millimetre in length, and covered with membrane which develops a little clavate knob at 
the distal end. From their uniform size and equidistant spacing, the disk and the extreme 
base of the rays have a papillose appearance when seen with a hand-magnifier, or to the 
naked eye, as if covered with rather widely spaced granules. On the ovarial region, the 
majority of the plates bear a comparatively large spinelet, about 3 mm. (or 2-8) in length, 
articulated on a central tubercular eminence. The spine is delicate and tapering, but is 
encased in a membranous sheath, crowded with pedicellarize, which gives it a rather 
robust appearance. A few isolated pedicellariz are distributed over. the surface of the 
plates, and occasionally one or two minute spinelets similar to those on the disk, covered 
with simple membrane. ‘The pavement plates are usually composed of two or three layers 
of calcareous network, the meshes of which are somewhat larger in the centre of the plate, 
where they measure from 0°044 to 0'055 mm. in diameter. The isolated pedicellarize, which 
are sessile and of the characteristic Brisinga-form, are comparatively large, varying from 
0°185 to 0'210 mm. in length. The pedicellarize on the plates of the ovarial region are of 
similar form, but rather smaller, and measure, near the base of the spines, from 0°140 to 
0°155 mm., and diminish a little in size towards the distal end of the spine, where they 
measure about 0°120 mm. Outward beyond the ovarial regions the abactinal surface of the 
ray is covered with an exceedingly fine transparent membrane, and rather broad saddle- 
like saceuli, covered with pedicellariz, are situated on the sides of the median keel, usually 
a pair between each pair of ambulacral ossicles. The “saddles” are nearly as broad as 
long, and those of a pair on the opposite sides of the ray are often connected by a 
little irregular band of pedicellarize which crosses the median keel. The pedicellarize are 
rather small and measure about 0°133 mm. At wide intervals apart a small spicule- 
like plate, suggestive of those found in Holothurians, is met with occasionally in this 
membrane. 

The ambulacral furrow occupies nearly the whole of the actinal surface of the ray, as usual 
in the Brisingide, its width in this species being about 2°5 mm. at a place where the ray 
is 4mm. broad. The adambulacral plates consequently form a very narrow margin, which is 
rounded semicylindrically. The plates are rather short, and united by a broad tract of liga- 
ment, and their inner surface presents a semicircular concavity towards the furrow. Their 
armature consists of one small spinelet at the aboral extremity of the plate, its length 
rather less than half the width of the furrow, over which it is directed nearly horizontally 
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and at a right angle to the direction of the ray. The spine is delicate and tapering, 
covered with membrane, and a few pedicellarize are usually congregated near the distal 
extremity. On the middle of the plate one large spine stands perpendicularly ; it measures 
5 to 6 mm. in length, and is encased in a membranous sheath crowded with pedicellariz. 
The pedicellarize are similar to those previously noticed, and measure from 0°175 to 0°2 mm. 
in lencth on a spine near the base of the ray. On the inner portion of the ray, extending 
perhaps half way along the ovarial swelling, these spines are flaring and flattened at the 
tip, with a truncate extremity coarsely crenulate, and the membranous sheath is not con- 
tinued over this expanded portion, but terminates abruptly in a roll at its commencement. 
The flattened extremity is transverse to the direction of the ray. Beyond the ovarial 
recion the spine is delicate, tapering, and sharply pointed, and the membrane has a 
saccular prolongation. The long lateral spines which fringe the margin of the rays do not 
occur on every plate, but usually on alternate ones; sometimes, however, two unarmed 
plates are together, and rarely two succeeding plates bear a lateral spine. The spines, 
which are of great length and delicacy, measure from 14 to 19 mm, near the middle of 
the ray, are articulated on a rudimentary infero-marginal plate ankylosed to the outer 
margin of the adambulacral plate, and are enveloped in a delicate membranous sheath 
crowded with pedicellarize, which develops a saccular prolongation at the distal extremity. 
Very few lateral spines are present on the ovarial region, and only on the outer part. The 
spines here are short (about 4 mm.), and with their membrane appear more robust; they 
increase in length as they proceed outward, and again diminish at the extremity of the ray. 
The pedicellarize are attached to the membrane by long thread-like stalks, and the valves 
when closed measure 0°11 mm. on a spine 12 mm. long, from near the middle of the ray. 
The thickness of the spinelet, just above its widely expanded articulatory base, is only 
0177 mm. 

The actinostome is large and of wide expanse, as in all the group; its diameter is 14°5 
mm. in a disk of 20 mm. diameter. Within its periphery, and at a higher level, is a broad 
tract of delicate buccal membrane surrounding the widely open mouth. The membrane is 
semitransparent, and the internal organs are more or less clearly visible through it; the 
margin is strongly muscular, and has a subvillous or papillose appearance. 

The mouth-plates are small and quite inconspicuous, and the median suture line is in- 
discernible. The adoral margin of the united pair in each “ mouth-angle” is semicircular, 
and four small mouth-spines are borne upon it, two on each plate. The inner spine on 
each plate stands close to the median line of juncture, forming a pair nearly parallel to one 
another and directed horizontally towards the centre of the mouth. The other mouth- 
spine on each plate is also directed horizontally, but at an angle of about 45° to the direc- 
tion of the inner spine. The marginal mouth-spines are short (2 mm. in length), and are 
covered with a thin membranous sac, slightly expanded midway between the extremities, 
which gives a subfusiform appearance to the spinelet, and a few isolated pedicellarize are 
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borne upon it, usually in the region of the swelling, or extending towards the base, the 
distal extremity being left free. A robust-looking secondary spine, 4 mm. in length, is 
placed well back on the surface of each plate. These spines stand perpendicularly, and are 
encased in a membranous sheath with crowded pedicellarize, precisely similar to the large 
perpendicular spine in the adambulacral armature throughout the ray. 

The ambulacral tube-feet are short and stout, tapering a little towards the distal 
extremity, which terminates with a well-defined and centrally deeply invaginated terminal 
disk. 

The madreporiform body, though small, is remarkably conspicuous on account of being 
prominent and almost semiglobular. Its outline is circular, 2°5 mm. in diameter, and it is 
situated at about the same distance from the margin of the disk. There are only about half- 
a-dozen deep, widely spaced striations upon its surface; some, which are simply wavy, 
traverse the area, whilst others are convolute, their disposition being altogether irregular 
and without any approach to centrifugal radiation. 

Colour in alcohol, a bleached yellowish white, the disk with a slightly brown shade. 

Localities.—Station 205. West of the Island of Luzon, Philippine group. November 
13, 1874. Lat. 16° 42’ 0” N., long. 119° 22’ 0” E. Depth 1050 fathoms. Blue mud. 
Bottom temperature 37°°0 Fahr. ; surface temperature 82°:0 Fahr. 

Station 216. Midway between the Pelew Islands and New Guinea. Feburary 16, 
1875. Lat. 2° 46’ 0” N., long. 133° 58’ 0” E. Depth 1675 fathoms. Globigerina ooze. 
Bottom temperature 35°'4 Fahr. ; surface temperature 82°°8 Fahr. 

Station 198. In the Celebes Sea, between Celebes and Mindanao. October 20, 1874. 
Lat. 2° 55’ 0” N., long. 124° 53’ 0” E. Depth 2150 fathoms. Blue mud. Bottom 
temperature 38°°9 Fahr.; surface temperature 85°°0 Fahr. 

Remarks.—Freyella echinata is readily distinguished from Freyella pennata by the 
small papillate spinulation of the disk, and the spinelets sheathed with membrane crowded 
with pedicellarize on the ovarial region. In Freyella echinata the rays are somewhat 
shorter in relation to the disk, but still more delicate, and have a different character, the 
lateral spinelets being longer and finer. In the armature of the adambulacral plates the 
inner or furrow spine is always solitary, and the armature of the mouth-plates is in like 
manner simpler. The madreporiform body is large and conspicuous, whereas in Freyella 
pennata it is hidden. The pedicellariz are of larger size. 


4. Freyella fragilissima, nu. sp. (Pl. CXIIL figs. 1-4). 
Rays eleven. R=265mm.; r=10 mm. R>26,7r. Breadth of a ray at the base, 


5 mm. ; the greatest breadth of a normal ovarial inflation, 8-5 mm. (which is situated at 


about 10 mm. from the disk); and the greatest breadth of the largest inflation, 16°5 mm. 
At 40 mm. beyond the disk the width of the ray is 4°25 mm. 
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Rays very long and narrow, narrow and cylindrical at the base but rapidly swelling 
into a robust and tumidly fusiform ovarial inflation, which contracts more gradually and 
terminates at about 30 mm. from the disk, thus occupying less than the proximal ninth 
of the length, The ovarial inflations show various degrees of tumidity in different rays 
of the same animal, and frequently one is much larger than any of the others, being 
two or three times the size, and oviform or pyriform in shape. Beyond the ovarial region 
the ray is subtriangular, with a truncate median carination, and tapers gradually to a very 
attenuate extremity. In consequence of the number and breadth of the rays, the inter- 
brachial arcs have the form of sharply defined clefts. 

The disk is small, with the abactinal surface subplane, and perhaps capable of faint 
inflation, It is very slightly above the level of the extreme basal part of the rays, towards 
which the margin of the disk slopes gradually ; when viewed in longitudinal profile, the 
ovarial tumidity is seen to be considerable on the abactinal outline, but not so great as 
laterally. The abactinal surface of the disk and of the rays, as far as the extent of the 
ovarial region, is covered with small imbricating subhexagonal plates, overlaid with mem- 
branous tissue, and the major diameter of the plates lies transverse to the axis of the ray. 
Each plate bears a number of very small spinelets about 0°366 mm. in length, covered with 
simple membrane, which give a velvety or subhirsute appearance to the parts they cover. 
Upon the disk no definite order of disposition is presented, but upon the ovarial regions 
somewhat of a grouped arrangement may be often seen, in which a tendency to a transverse 
lineal disposition may usually be more or less clearly distinguished. These almost micro- 
scopic spinelets are articulated on small granules upon the plates. At first sight it might be 
said that no pedicellarize were present on the abactinal area of the disk and ovarial regions, 
but occasionally at wide intervals apart very small isolated sessile pedicellarize may be 
found amongst the spinelets on the plates, and usually most frequently near the lateral 
margin of the ray. Beyond the ovarial region the abactinal surface of the ray is covered 
with delicate membrane, upon which saddle-like, narrow saccular bands occur, correspond- 
ing normally to each ambulacral segment of the ray ; numerous very small pedicellarize 
are borne upon these sacculi, but they do not appear in the specimens under notice to 
have that crowded character observed in other species, and they seem usually most 
frequent on the margins of the saceuli, but whether their absence from the median part is 
natural, or owing to abrasion, I am unable to say. In this species very little of the abac- 
tinal membrane of the ray is preserved intact, and the specimens, which appear to be 
more fragile than usual, have suffered much damage in the process of disentanglement 
from the tangles. Where the compact plating of the ovarial region ceases there follows 
some delicate subcuticular plating in transverse bands, suggesting the character of the 
succeeding transverse sacculi above noted. 

The ambulacral furrow occupies the greater part of the actinal surface of the ray, and 
measures 2°5 mm. at a place where the ray is 4mm. The adambulacral plates are longer 
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than broad, but are relatively shorter than in many species of Mreyella and Brisinga. 
They measure 1°5 mm. in length at about 70 mm. from the disk, and form a robust-looking 
margin to the furrow. They are narrower midway between their extremities, and the 
furrow-margin of the plate is the most incurved, though the concavity is by no means 
great. The adambulacral armature consists of :—(1.) a small inner spinelet directed over 
the furrow ; (2.) a large perpendicular spine on the actinal surface ; and (3.) a lateral spine, 
normally on alternate plates. The small inner spine is attached to the extreme aboral end 
of the furrow-margin of the plate, and is directed nearly horizontally over the furrow, and 
at a slight angle forwards ; it is about 1 mm. in length, and is covered with a delicate and 
rather loose membranous sheath somewhat saccular at the extremity, and bearing a 
number of very small pedicellariz near the distal extremity chiefly. The perpendicular 
spines are about 4 mm. in length at 35 mm. from the disk, and articulated on a prominent 
tubercle rather away from the centre of the actinal surface of the plate towards the aboral 
extremity; they are encased in a delicate semitransparent membranous sheath, covered 
with great numbers of very small pedicellariz, but scarcely so crowded as in some species ; 
the sheath is more or less prolonged at the extremity and a slight saccular expansion is 
present there. The lateral spine, like the foregoing, appears to be articulated on a promi- 
nent tubercle, but it is in reality a rudimentary infero-marginal plate ankylosed on the 
lateral surface of the adambulacral plate and nearer the aboral end than the middle. The 
spine is very delicate and needle-like, 11 mm. in length at about 50 mm. from the disk, 
and 13 mm. at 75 mm., and the longest, a little further outward, is less than 1 mm. more ; 
it is encased in a delicate membranous sheath, on which are crowded very minute pedi- 
cellarie, but scarcely so numerous as in other species; the extremity of the sheath is 
slightly prolonged and saccular. The character of the spinulation of the ray as a whole 
may be said to be comparatively short and delicate, and the spines appear to be much 
more numerous and more closely placed than in many others in consequence of the relative 
shortness of the ambulacral segments. Respecting these latter it may be here remarked 
that the part of the ambulacral plate which unites with the companion plate and forms 
the prominent keel along the median abactinal aspect of the ray is strikingly vertebra-like 
in form, the median portion being deeply incurved, with the adoral and aboral extremities 
of this surface higher and more prominent than usual in other species. 

The actinostome occupies nearly the whole of the actinal area of the disk, its diameter 
being 13 mm. in a disk 19 to 20 mm. in diameter. The buccal membrane is thick and 
opaque, and remarkable for its surface being covered with papilliform villous appendages, 
rather widely spaced, nearly as long as the spinelets on the abactinal surface, and with 
slightly claviform extremities. They are of unequal size, however, and the largest are 
near the margin of the mouth. The mouth-plates are small and very insignificant. The 
united pair are subquadrate in form, the adoral margin being almost straight, the lateral 
margins straight and slightly converging, causing the adoral margin to be a little less 


REPORT ON THE ASTEROIDEA. 629 


than the greatest breadth at the aboral extremity. Hach plate bears one (or sometimes 
two) small mouth-spines on the adoral margin. The inner pair are a little removed from 
the median line of juncture, and are directed horizontally over the buccal membrane 
parallel to one another ; the second pair when present are external to these, and are like- 
wise directed horizontally, but at an angle outward away from the median line prolonged. 
These spines are about 1°75 mm. in length or rather less, and they are encased in a 
delicate membrane, on which are numerous small pedicellarize. <A single robust secondary 
mouth-spine is borne on the actinal surface of each plate ; it is about 5 mm. in length, and 
is encased in a very wide, delicate, saccular, membranous sheath, somewhat expanded at 
the tip, which gives it a very robust appearance, and the membrane is covered with 
numerous small pedicellariz. 

The madreporiform body is small, prominently tubercular in form, and situated close 
to the margin of the disk at the summit of one of the cleft-like interbrachial ares. The 
striations are more numerous than in some species of the genus, more or less convoluted, 
and placed on the side regarding the interbrachial are. The surface of the plate is quite 
naked, but the margin is to a certain extent fringed by an indistinct circlet of the spine- 
lets of the dorsal integument. A distinct anal aperture is present conspicuously excentric 
in position, and the margin of the orifice is bordered by a circlet of spinelets. 

Colour in alcohol, a bleached greyish or ashy white. 

Localities. —Station 146. Between Marion Island and the Crozet Islands. December 
29,1873. Lat. 46° 46’ 0” S., long. 45° 310” HE. Depth 1375 fathoms. Globigerina 
ooze. Bottom temperature 35°°6 Fahr. ; surface temperature 43°°0 Fahr. 

Station 156. In the neighbourhood of the pack ice, near the Antarctic Circle. 
February 26, 1874. Lat. 62° 26’ 0” S., long. 95° 44’ 0” KE. Depth 1975 fathoms. 
Diatom ooze. Surface temperature 33°:0 Fahr. 

Remarks.—Freyella fragilissima, apart from its general habit that is characteristic 
when once known, may be distinguished from the other species in which the abactinal plates 
bear small spinelets with simple membrane devoid of pedicellarize, by the number of its 
rays, and by the presence of largely developed villous appendages on the buccal membrane. 


5. Freyella bracteata, n. sp. (Pl. CXIV. figs 1-4). 

Rays twelve. R=210 mm.;' r=12 mm. Breadth of a ray at the base, 5°5 mm. ; 
at the widest part of the ovarial inflation, 8°5 mm. (measured at about 22 mm. from the 
disk) ; and at 70 mm. beyond the disk, 4°5 mm. 

Rays very long and attenuate, but comparatively robust for the habit of the genus, 
narrow and irregularly cylindrical at the base, thence gradually swelling into an elongate, 
irregularly fusiform, ovarial inflation, of small tumidity, which contracts gradually and 


1 Unfortunately all the specimens are more or less broken. I have not been able to find a single entire ray. 
The above measurement is taken from a smaller example than the type specimen. 
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terminates at about 45 mm. from the disk, thus occupying less than the proximal fifth of 
the length. Beyond the ovarial region the ray is subtriangular, with a broadly truncate 
median carination, and tapers gradually throughout to the extremity. The interbrachial 
arcs are sharply angular clefts. 

The disk is small, with the abactinal surface subplane and higher than the abactinal 
surface of the rays, the margin sloping rapidly and rather abruptly to the basal part of 
the rays. The abactinal surface of the disk and of the rays, as far as the ovarial region 
extends, is covered with imbricating subhexagonal plates overlaid with membranous tissue. 
The plates are of considerable thickness as compared with other species, and form a much 
more rigid and firm encasement to the ray than that found in the other forms here 
described. Upon the disk each plate bears from one to three small stumpy spinelets 
about 0°45 to 0°57 mm. in length, covered with thin membrane, rather wide apart, and more 
or less equidistantly spaced, which gives them a rather isolated appearance. On the ovarial 
regions the plates are often large and irregular in shape, and may bear more spines, the 
position of which frequently shows a decided tendency to form lineal series on the plates, 
transverse to the axis of the ray, especially on the lateral parts. Furthermore, these 
spinelets are in a large measure confined to the median part of the plates, by which means 
a distinctly marked character of isolated groups is produced. Small, isolated, sessile 
pedicellarize are present here and there upon the plates. Beyond the ovarial region the 
abactinal surface of the ray is covered with delicate, semitransparent membranous tissue, 
upon which rather broad, saddle-like saccular bands are borne; these bands are continuous 
across the median keel, and extend to the lateral margin of the ray; their breadth is 
usually greater than that of the interspace, and their surface is covered with crowded 
small pedicellariz. Very delicate incipient plating may here and there be seen underlying 
the sacculi, either in single plates or two or three together. 

The ambulacral furrow is very wide, measuring 3 mm. at a place where the breadth of 
the ray is 5 mm., and appears to occupy nearly the whole of the actinal surface of the ray. 
The adambulacral plates are a little longer than broad, and form a narrow cylindrical 
margin to the furrow. Their length is 1°25 to 1°5 mm. at about 80 mm. from the disk, and 
their furrow margin is gently concave. The adambulacral armature consists of :—(1.) a small 
inner spinelet, directed horizontally over the furrow ; (2.) a larger and more robust spine, 
standing perpendicularly on the actinal surface of the plate; and (3.) a still longer lateral 
spine, borne on alternate plates only. The small inner spine is attached to the extreme 
aboral end of the furrow margin of the plate, and is directed horizontally over the furrow 
and at a right angle to the margin; it is about 1 mm. in length, or a trifle more, and is 
covered with a delicate membranous sheath, which is usually expanded bag-like on the side 
towards the furrow, resembling a ‘La Crosse” racquet, and the membrane bears numerous 
minute pedicellarizs. The corresponding spinelets on the opposite sides of the ray overlap 
shghtly and thus form a straight partition which separates consecutive pairs of ambulacral 
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tube-feet.. It would seem probable that the function of the numerous pedicellariz on the 
sacculi of these spinelets was mainly, if not wholly, that of keeping the tube-feet clean. 
The actinal spinelet is about 5 mm. in length at 60 mm. from the disk, and is articulated 
on a robust tubercle, which occupies most of the actinal surface of the plate between the 
middle and the adoral end. It is encased in a delicate membranous sheath, crowded with 
very small pedicellarize. The lateral spines are not remarkable for their length, being 
about 9 to 10 mm. at 70 to 80 mm. from the disk; they are articulated on a tubercle-like 
rudimentary infero-marginal plate ankylosed on the lateral margin of the adambulacral 
plate, in a line with the tubercle on the actinal surface, and are rather robust at the 
base, but taper to a fine extremity, and they are encased in a delicate membranous sheath 
crowded with small pedicellariz. 

The actinostome is of great width, its diameter being 13 mm. in a disk measuring 23 
mm. The buccal membrane is thick and opaque, and the margin of the mouth is beset 
with a closely crowded villous fimbriation (? probably an exposure of the internal surface). 
The mouth-plates are small and inconspicuous, somewhat in the form of a.truncate wedge, 
the adoral margin of the pair presenting only a slightly convex margin. Lach plate bears 
two small mouth-spines about 1 mm. in length; the inner pair are a little removed from 
the median line of juncture, and are directed horizontally over the buccal membrane, 
usually parallel to one another, or only slightly divergent; the second pair are at the 
extreme edge of the adoral margin of the plates, 7.e., one spine on each plate, and are 
directed horizontally at a right angle to the median interradial line, and in such a manner 
that with the corresponding spine of the neighbouring mouth-angle a bar is formed across 
the ambulacral furrow at the margin of the actinostome. Both the mouth-spines are 
encased in a delicate membranous sheath, that of the inner pair being wide and bag-like, 
usually expanded at the tip and pyriform, and numerous small pedicellarie are borne 
upon the membrane. The outer pair of spinelets which cross the furrow have the appear- 
ance of being imbedded in the actinostomial membrane, and their presence is only detected 
by the pedicellariz. A robust secondary mouth-spine is placed well back on the actinal 
surface of each plate, articulated on a tubercular eminence, and encased in a rather wide, 
delicate, membranous sheath crowded with pedicellariz. 

The madreporiform body is small, about 2°5 mm. in diameter, convex, subtubercular, 
and situated quite at the margin of the abactinal surface of the disk, at the summit of one 
of the cleft-like interbrachial arcs, its position in relation to the plane of the abactinal 
surface being slightly oblique. Its surface is marked with a few highly convoluted 
striation-furrows, and the margin is surrounded by an indistinct circlet of the abactinal 
tegumentary spinelets. A very distinct anal aperture is present ; it is excentric in position, 
and the margin is surrounded with rather larger spinelets than elsewhere upon the disk, and 
a retracted tubular structure with punctured extremity may be seen within its periphery. 

Colour in alcohol, a bleached yellowish white. 
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Localities. —Station 46. Off the coast of North America, east of New Jersey. May 6, 
1873. Lat. 40° 17’ 0” N., long. 66° 48’ 0” W. Depth 1350 fathoms. Blue mud. 
Bottom temperature 37°°2 Fahr. ; surface temperature 40°:0 Fahr. 

Station 47. Off the coast of North America, east of Massachusetts. May 7, 1873. 
Lat. 41° 14’ 0” N., long. 65° 45’ 0” W. Depth 1340 fathoms. Blue mud. Surface 
temperature 42°°0 Fahr. 

Station 50. South of Halifax, Nova Scotia. May 21, 1873. Lat. 42° 8’ 0” N., long. 
63° 39' 0” W. Depth 1250 fathoms. Blue mud. Bottom temperature 38°:0 Fahr. ; 
surface temperature 45°:0 Fahr. 

Remarks.—Freyella bracteata is distinguished by the number of its rays, by their 
comparative rigidity, by the proportionally short and robust lateral spines, by the char- 
acter and the small number of the spinelets on the abactinal plates, and by the character 
of the armature of the mouth-plates. 


6. Freyella dimorpha, n. sp. (Pl. CXY. figs. 1-5). 

Rays twelve. R=250mm.; r=10 mm. R=25r. Breadth of a ray at the base, 
4°7 mm.; at the widest part of the ovarial inflation, 8 to 9 mm. (measured at about 16 
mm. from the disk); at 50 mm. from the disk the breadth is 3°25 mm. ; and at about 
midway between the extremities, 2°5 mm. 

Rays very long and delicate, narrow and cylindrical at the base, and immediately 
swelling gradually into an elongately oval or subfusiform ovarial inflation, the tumidity 
of which is not great, and is of nearly the same dimension for some distance along the 
median part of the region; it contracts gradually outwardly and terminates at about 30 
to 32 mm. from the disk, thus occupying about the proximal eighth of the length. 
Beyond the ovarial region, the ray is subtriangular, with a truncate median carination, 
and tapers gradually to the extremity. The interbrachial ares are simple clefts. 

The disk is small, with the abactinal surface subplane and probably capable of slight 
inflation ; it is on a higher level than the abactinal surface of the rays, and the margin is 
sharply rounded and passes towards the basal part of the rays almost precipitously. The 
abactinal surface of the disk and of the rays as far as the ovarial region extends is covered 
with imbricating, subhexagonal plates, overlaid with a delicate membranous tissue. The 
plates are thin, but often comparatively large, and their greater diameter lies transverse 
to the direction of the ray. Each plate bears from five to ten (usually about half a 
dozen) very minute spinelets, from 0°35 to 0°45 mm. in length, covered with simple 
membrane and articulated on small miliary tubercles. The spinelets have a tendency to 
form lineal series along the major, transverse, diameter of the plates, especially on the 
lateral regions. Isolated sessile pedicellarize are to be found here and there upon the 
plates, though in some examples they appear to be wanting altogether. The disk has a 
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finely papillate character, the spinelets being uniformly distributed, whilst on the ovarial 
regions they are grouped. In some examples, plates here and there bear one longer spine 
(1°5 to 2 mm.) encased in a membranous sheath crowded with very small pedicellarie, 
resembling the characteristic spines on Freyella echinata ; they are, however, wide apart 
and erratic in their occurrence, but are usually most numerous on the outer part of the 
ovarial region. Some specimens in the collection show no trace whatever of these spines. 
In those which have the spines the ovarial regions appear to be slightly more tumid and 
shorter ; perhaps this may be a sexual character. Beyond the ovarial region the abactinal 
surface of the ray is covered with delicate, semitransparent membranous tissue, upon 
which broad saddle-like bands are borne, crowded with small pedicellariz. The bands 
appear broader than usual, and are continuous over the keel. 

The ambulacral furrow is wide, measuring 2 mm. at a part where the rayis3°5 mm. The 
adambulacral plates are broader than long, and measure about 1:25 mm. at 45 mm. from the 
disk. The furrow-margin is slightly concave. The adambulacral armature consists of :—(1.) 
a small inner spinelet, directed horizontally over the furrow; (2.) a larger and more robust 
spine, standing perpendicularly on the actinal surface of the plate; and (3.) a still longer lateral 
spine, borne on alternate plates only. The small inner spinelet is attached to the extreme 
aboral end of the furrow-margin of the plate, and is directed horizontally over the furrow 
at a right angle to the margin. It is about 1 mm. in length and is covered with a deli- 
cate membranous sheath, expanded at the tip, and bearing several small pedicellaria. The 
actinal spine is about 5 mm. in length at 50 mm. from the disk, and is articulated on a 
prominent tubercle near the aboral extremity of the plate; it is covered with a very deli- 
cate membrane, developing a saccular prolongation at the tip, and bearing crowds of very 
small pedicellarie. Towards the middle of the ray the spines increase somewhat in size, 
but often appear much larger in consequence of the greater prolongation of the sheath. 
The lateral spines, which are articulated on a rudimentary infero-marginal plate ankylosed 
to the adambulacral plate, are of great length in proportion to the length of the ray, and are 
of extreme delicacy. At about midway along the ray they measure 22 to 25 mm., and so 
great is the delicacy of the shaft and of the investing membrane that their appearance is 
more that of hair-like threads than anything else; they are also very numerous and close 
together in consequence of the comparative shortness of the ray-segments. There is a 
more or less extensive prolongation of the sheath at the tip, and a bulbous sacculus is 
developed. The pedicellarize which are attached to the membrane are extremely small 
and are borne on long stalks. The delicacy of the lateral spines taken in conjunction with 
their length is greater than in the majority of species and is very striking, especially when 
compared with the apparent robustness of the investment of the actinal spines on the inner 
part of the ray. 

The actinostome is about 12 mm. in diameter in a disk which measures 20 mm. The 
buccal membrane is rather thick, smooth, and strongly muscular at the actual mouth- 
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margin. ‘The mouth-plates are small and inconspicuous, and each plate bears on its adoral 
margin two small mouth-spines, The inner pair are directed horizontally over the buccal 
membrane and are parallel to one another and the median interradial line ; the outer pair, 
which are at the outer extremity of the adoral margin of the plates, are likewise directed 
horizontally over the buccal membrane, but outward, forming an angle of about 45° to the 
inner mouth-spine. These marginal mouth-spines are less than 1 mm. in length, are 
covered with delicate membrane, and bear at the tip a number of small pedicellarize. Hach 
plate bears on its actinal surface a secondary or superficial mouth-spine, about 5 mm. in 
length, articulated on a prominent tubercle, and encased in a membranous sheath bearing 
large pedicellariz. 

The madreporiform body is small, convex, subtubercular, situated very near the abactinal 
margin of the disk; its surface 1s marked with but few, widely-spaced, striation-furrows. 
A distinct anal aperture is present, and its position is excentric. 

Colour in alcohol, a bleached yellowish ashy grey, with a slight tendency to a light 
brownish shade, especially on the ovarial regions. 

Locality. —Station 184. Off Torres Strait, Pacific side. August 29, 1874. Lat. 
12° 8’ 0” &, long. 145° 10’ 0” E. Depth 1400 fathoms. Globigerina ooze. Bottom 
temperature 36°°0 Fahr.; surface temperature 77°°5 Fahr. 

Remarks.—This species is nearly related to Freyella echinata, of which the echinulate 
forms might easily be considered at first sight as a variety. The general habit, however, 
of the two starfishes is different in many respects, notwithstanding their apparent nearness 
in several points of numerical formula, and when the unarmed forms are had in view there 
is very little in their superficial aspect that would recall Freyella echinata. In Freyella 
dimorpha the number of rays is twelve, and this appears to be fairly constant, whereas 
in Freyella echinata there are usually eleven. In Freyella dimorpha they are propor- 
tionately longer as well as more delicate and attenuate, whilst the ovarial regions are of 
less extent. The numerous small spinelets on the abactinal plated area are quite different 
from the armature of those plates in Freyella echinata. In Freyella dimorpha the lateral 
spines are considerably longer, although the species is relatively smaller, and their delicacy 
is exceptional. In this form the true or marginal mouth-spines are small, and their mem- 
branous investment as well as the grouping of the pedicellariz thereon is different. The 
saddle-hke sacculi upon the abactinal membrane of the ray beyond the ovarial region 
are broader and also maintain their breadth across the median abactinal keel. 

Although these differences may appear small in description, they represent variations 
of character which I find to be fairly constant in species, and on these grounds I have con- 
sidered the forms under notice as worthy of separate recognition. The dimorphous 
character of this species, some forms being echinulate and others not, is remarkable. The 


species also presents some resemblance, perhaps mimetic, to Freyella fragilissima and 
Freyella bracteata. 
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In this species the rays enclosed some masses of a sponge, as if for purposes of food, 
and I found several pieces of the same held apparently by the actinal spines on the 
inner part of the rays, which perhaps warrants the inference that the numerous large 
pedicellarize there may help in the securing of food and in directing it towards the mouth, 

The general habit of this species in its present state is worthy of notice, as different 
from that of any of the other species. It is not unsuggestive of a Comatula or crinoid 
with its rays drawn together. The rays in the case of the Freyellw being bent at a 
right angle to the plane of the abactinal surface of the disk, entirely enclose the actinal 
area of the disk and rays, which gives a very elegant and remarkable appearance, 
altogether unusual for a starfish. Whether this disposition is due to the contraction 
attendant on death, or whether it was one naturally assumed on occasion during life, I 
am unable to say. All the examples of this species, both the echinulate and the unarmed 
forms, are unlike in this respect. 


7. Freyella remezx, n. sp. (Pl. CXVI. figs. 1-3). 


Rays ten. R=450 mm.; r=14mm. R>327r. Breadth of a ray at the base, 7°5 
mm.; the greatest breadth of the ovarial inflation, 11 to 12 mm. (which is situated at 
about 12 mm. from the disk); the breadth at 30 mm. from the disk is 6 mm., at 50 mm. 
from the disk, 5°5 mm.; and at about midway on the ray, 4°25 mm. 

Rays very long and attenuate, but rather robust in appearance when compared with 
other species, narrow at the base, but immediately swelling into a short, tumid, pyriform 
ovarial inflation, which contracts rather more gradually and terminates at 20 mm. from 
the disk, thus occupying only the proximal twenty-second of the length. The disparity of 
the ovarial inflation in different rays is only slight. Beyond the ovarial region the ray is 
subtriangular, with a broadly truncate median carination, and tapers throughout to a very 
attenuate extremity. The interbrachial arcs are sharply rounded, and when seen from 
above show a subpyriform outline consequent on the ovarial tumidity. 

The disk is small, with the abactinal surface subplane, and slightly above the level of 
the base of the rays, towards which the margin passes abruptly with a gentle slope. The 
abactinal surface of the disk and of the rays, as far as the ovarial regjons extend, is 
covered with a thick membranous tissue, the basement stratum of which contains a 
number of small irregular disconnected calcareous plates completely hidden from superficial 
view. These plates are of various shapes and sizes, some oval, some elongate, and others 
cruciform, and they bear very small microscopic spinelets, from 0°45 to 0°7 mm. in length, 
which are multiradiate in structure, slightly flaring at the tip, and covered with simple 
membrane causing the spinelets to appear more or less clavate at the tip. The spinelets are 
rather wide apart and tolerably equidistantly spaced ; no order of disposition is observed, 
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and the surface presents a finely papillate appearance. A few comparatively large isolated 
pedicellarize are present here and there on the general membrane amongst the spinelets. On 
the outer part of the ovarial region the spinelets cease and their place is taken by pedicel- 
lari. Beyond this region the ray is covered with a delicate semitransparent membrane, 
upon which transverse saddle-like saccular bands are borne, crowded with very minute 
pedicellariz. The bands extend from one margin of the ray to the other, and are broad 
and uninterrupted across the median keel of the ray. The breadth of the bands is normally 
greater than that of the interspaces; they are usually more or less expanded near the 
margin, and frequently the band there is bent sharply at a right angle and may be pro- 
longed so as to merge into the next succeeding band, and sometimes quite a series are 
thus united by a longitudinal band running parallel to the margin, especially on the 
proximal part of the ray. ‘The bands, normally correspond to the ambulacral segments of 
the ray and usually cross the “ vertebree,” as seen in the median keel, between the adoral 
and aboral extremities ; their position, however, in this respect is not constant by any 
means, as they may cross at all intermediate positions, and sometimes pass over the suture 
uniting two succeeding ‘‘ vertebre ;” sometimes two succeeding bands are united by a 
longitudinal prolongation close to the keel, and sometimes a band commencing at one 
margin of the ray crosses the keel, and then stops abruptly, leaving the other side of the 
segment without a sacculus. 

The ambulacral furrow is of great width, and measures 3°5 mm. at a place where the 
ray is 5°7 mm. (53 mm. from the disk). The adambulacral plates are slightly longer than 
broad, measuring 1°75 mm. at about 53 mm. from the disk, and they form a narrow 
margin to the furrow. The furrow-margin of the plate is slightly incurved. The adam- 
bulacral armature consists of :—(1.) a small inner spinelet directed horizontally over the 
furrow ; (2.) an elongate spine articulated on the actinal surface of the plate and standing 
perpendicularly or directed outwards ; and (3.) a lateral spine of great length and delicacy 
borne on alternate plates only. The small inner spine is attached to the extreme aboral 
end of the furrow-margin of the plate and lies quite within the furrow, across which it is 
directed horizontally and slightly forwards; it is about 2 mm. in length, and is of a 
remarkable shape, being flaring and fan-like in form, and covered with a delicate, semi- 
transparent membrane, more or less saccular, and upon which three or four large isolated 
pedicellarize are borne. The plane of the flattened surface is vertical and perpendicular 
to the axis of the ray. The actinal spines are about 7 mm. in length at 50 mm. from the 
disk, and are articulated on a tubercle situated on the actinal surface of the plate close to 
its aboral end; they are encased in a delicate, semitransparent membranous sheath crowded 
with great numbers of very minute pedicellariz, and with a saccular prolongation at the 
tip. On the inner part of the ray, for about 40 mm. from the disk, these spines are 
slightly expanded at the tip, but still remain cylindrical, and are truncate and often 
ealicular ; the membranous sheath does not cover this flaring tip, but terminates beneath 


REPORT ON THE ASTEROIDEA. 637 


it after a slight bulbous inflation. Further out on the ray the spines are very delicate, 
tapering, and sharply pointed, with the sheath more or less prolonged and a bulbous 
saccular expansion developed. At about the median third of the ray, the actinal spines on 
alternate plates are of different sizes, the plates which bear the lateral spine having a 
much shorter actinal spine than the others. Thus at 130 mm. from the disk the short 
spines are 6 mm. and the alternating long ones 10 mm. ; at 200 mm. from the disk (in 
another ray), the alternating spines are 3 mm. and 10 mm. respectively, and on another 
2°5 mm. and 9 mm. respectively at about the same distance. ‘The lateral spine is articu- 
lated on a prominent tubercle-like rudimentary infero-marginal plate ankylosed on the 
lateral surface of the adambulacral plate. It is remarkable for its great length and 
delicacy, the longest spines, which are situated at about 160 to 180 mm. from the disk, 
measuring 35 mm.; close to the ovarial region they are short, not more than 7 mm., 
but at 70 to 80 mm. from the disk they are 20 mm., and at 100 mm. from the 
disk 28 mm., and they increase as they proceed outward to the measure above indi- 
cated, and again diminish as they approach the extremity of the ray. The lateral 
spines, like the actinal spines, are encased in a very delicate, semitransparent mem- 
branous sheath, crowded with minute pedicellariz. These spines are extremely thin and 
delicate, and the invested shaft does not measure more than 0°216 mm. in thickness on 
the average. At the proximal extremity of the spines the membrane is seen to be con- 
tracted to the rim of the articulatory head of the spine, and is not continued as a uniformly 
broad sheath upon the tubercle ; at the distal extremity the sheath is slightly prolonged 
and a bulbous sacculus is developed. 

The actinostome occupies about half the actinal surface of the disk, its diameter being 
14°5 mm. in a disk measuring 28°5mm. The buccal membrane is thick and opaque. The 
mouth-plates are small and quite inconspicuous; the united pair have somewhat the form 
of a truncate wedge, the adoral margin being almost straight and with scarcely any pro- 
minence into the actinostome. The true mouth-spines are aborted, often absent altogether, 
but in some instances rudiments are present ; when this is the case the spinelets of the inner 
pair, which are very minute, are close together and enveloped in one common membranous 
sheath, the whole having the appearance of a little oviform scale pressed close against the 
mouth-plates; the outer pair, when present, are buried in the actinostomial membrane 
and appear to be merged in the ambulacral bar which crosses the furrow at the actino- 
stome ; their individuality is lost and usually no trace can be found of them. No pedi- 
cellarize are borne upon the rudimentary mouth-spines. Each mouth-plate bears one large 
robust secondary mouth-spine on its actinal surface, away from the adoral margin. There 
is thus a pair to each mouth-angle, and they are the only true spines present. The 
spines are 5 mm. in length, flattened at the tip, and slightly flaring, the flattened 
extremity being sometimes bifurcate. The shaft is encased in a delicate, semitransparent, 
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saccular, membranous sheath, upon which are a few isolated and comparatively large’ 
pedicellariz. ' 

The madreporiform body is rather small and elongately oval, slightly convex, and 
with the surrounding parts somewhat prominent ; the surface is traversed with tolerably 
numerous, slightly convoluted, striation-furrows, the main direction of which corre-: 
sponds to the major diameter, A very distinct anal aperture is present in an excentric 
position, and within its periphery the termination of a punctured (?) tube may be 
seen. 

Colour in alcohol, a bleached ashy yellowish white. 

Locality.—Station 181. In the Coral Sea, south-east of New Guinea. August 25, 
1874. Lat. 13° 50’ 0” S., long. 151° 49’0” E. Depth 2440 fathoms. Red clay. Bottom 
temperature 35°°8 Fahr. ; surface temperature 80°:0 Fahr. 

Remarks.—This species is perhaps the most handsome member of the group. It is 
distinguished from all other forms by the long delicate lateral spines, by the peculiar 
aborted character of the mouth-spines, by the rudimentary nature of the abactinal plating, 
as well as by a number of minor details which it is unnecessary to recapitulate. 


8. Freyella tuberculata, n. sp. (Pl. CXVII. figs, 1-3), 


Rays six. R=240mm.; r=6mm, R=407. Breadth of a ray at the base 4 mm.; 
at the widest part of the ovarial inflation, 5 mm, (measured at 15 mm. from the disk) ; 
and at 80 mm, beyond the disk, 2°60 mm. 

Rays of great length and delicacy, cylindrical at the base, gradually swelling at a 
short distance from the disk into a very slightly fusiform ovarial inflation, which as gradually 
contracts, and the ray thence becomes subtriangular and tapers continuously to a very 
attenuate extremity, The ovarial region extends for about 30 mm. from the disk, @e. 
about the proximal eighth of the ray. The rays have a well-spaced appearance at the 
base, for this genus, and the interbrachial are is sharply rounded. 

The disk is small and its abactinal surface is flush with that of the rays at the base; 
it was probably capable of slight inflation, but there is in its present state a faint depres- 
sion within the periphery of the perisomatic ring. The abactinal area of the disk and 
of the rays, even for some distance beyond the ovarial inflation, is covered with small 
hexagonal plates, overlaid with the most delicate membrane. On the ovarial region the 
plates are larger than elsewhere and their major diameter lies parallel to the axis of 
the ray, Hach plate bears centrally a small rounded tubercle, on which is articulated 
a short, delicate, tapering, and sharply pointed spinelet, about 1:25 mm. in length on 
the disk; these are encased in a very delicate membranous sheath, upon which are 
crowded minute pedicellarie, A number of the spinelets on the disk and nearly all those 
on the ovarial regions are now devoid of membrane, probably accidentally on account of 
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its extreme delicacy, and for this reason I am unable to say whether the pedicellariz 
were present to the same extent on the spinelets of the ovarial regions as on those of the 
disk. The plating does not terminate with the ovarial regions, but is continued along the 
ray, the plates, however, becoming much smaller and more delicate. I have traced it 
considerably beyond the middle of the ray, and isolated plates with single spines occur up 
to the extremity. It is only on the outer part that I have been able to find any traces of 
the groups of pedicellarize, comparable to those on the saddle-like sacculi, which are so 
conspicuous in other species. Certainly none are present where the plating is continuous. 
The groups here noted are circular in form, placed near the lateral margin of the ray, 
and the pedicellarize are extremely small. 

The ambulacral furrow is broad, and has a singular appearance, simulating rather 
suggestively a lineal series of confluent keyhole-shaped apertures, in consequence of the 
formation of the adambulacral plates about to be noticed. The adambulacral plates are 
elongate (2°5 mm. in length at 80 mm. from the disk), very like vertebree in form, with 
their furrow-margin deeply incurved. This scooping out of the margin does not commence : 
immediately at the adoral end of the plate, but rather abruptly a little way beyond; it 
is continued, however, up to the extreme aboral end, and the latter, in consequence of 
the depth of the concavity, has the appearance of being produced at an angle horizontally 
into the furrow; a keyhole-shaped outline is thus produced, and the width of the furrow 
is obviously much narrower when measured between the thick adoral portions of the 
adambulacral plates than across the deepest part of the incurvature, the breadth in one 
case being less than 1 mm., and in the other fully 2 mm., at a part where the width of 
the ray is 36 mm. The successive pairs of ambulacral tube-feet have thus a widely 
spaced and isolated appearance. The armature of the adambulacral plates is very simple, 
and consists of only one very delicate spinelet which stands perpendicularly, and an equally 
delicate lateral spine, articulated on a rudimentary ankylosed infero-marginal plate, usually 
on every alternate plate. The small imner spinelet at the aboral extremity of the furrow- 
margin of the plate, which is present in most species, is here wanting altogether. The 
perpendicular spinelet measures about 4 mm., but frequently less, and is articulated on a 
small tubercle situated on the actinal surface of the plate at its narrowest part, and con- 
sequently in a line with the pair of ambulacral tube-feet and nearer the aboral than the 
adoral extremity of the plate. It is encased in a delicate membranous sheath crowded 
with pedicellarize. The lateral spinelets are of very great delicacy, about 7 mm. in length 
at 150 mm. from the base, and like the perpendicular spinelets are encased in a delicate 
membranous sheath with crowded pedicellariz. So great is the delicacy of both perpen- 
dicular and lateral spines alike that very few can be found undamaged. 

The actinostome is wide, its diameter being 6°75 mm. in a disk measuring 12°5 mm. 
The buccal membrane is semitransparent and permits the plications of the digestive 
cavity to be seen. The mouth orifice is small, and its margin is much crenulated, the 


640 THE VOYAGE OF H.M.S. CHALLENGER. 


muscular system being strongly developed. The mouth-plates are small and remarkable 
for their simplicity and for the small amount of modification which the primitive 
constituent parts have undergone. The mouth-plates are distinctly seen to be adambu- 
lacral plates slightly altered in form and proportions; they are elongate and subtriangular, 
and extend from the margin of the actinostome to the interbrachial arc, occupying the 
whole of the breadth of the buccal ring (Sars’ term). The adoral ends are truncate, and 
the united pair have consequently a subhexagonal form, the median suture is wide and 
distinct, and more or less open outwardly. Each plate bears only two delicate spines, 
one close to the adoral margin and away from the median line of juncture, directed 
horizontally over the actinostome, the spines on two companion mouth-plates being parallel 
to one another. The other spine borne on the plate is a secondary or superficial mouth- 
spine, and is placed midway on the surface of the plate opposite the lateral angle. Both 
these spines are articulated on small tubercles; they are of nearly equal size, about 
1:75 mm. in length, and are encased in delicate membranous sheaths, crowded with pedi- 
cellarie. The adambulacral plate adjacent to the mouth-plates is very short; its breadth 
being greater than its length; in the next outward, these dimensions are about equal, and 
beyond this the length exceeds the breadth in increasing proportion. 

The madreporiform body is small, prominent, subtubercular, naked, with two or three 
very simple angulated furrows (in place of striations), and is situated close to the margin 
of the disk; it is not exactly in the median interradial line, but a little to one side, and 
consequently not immediately above the ‘‘ odontophore.” The latter plate is large, conspi- 
cuous externally, shield-shaped, and placed on the slope or bevel which intervenes between 
the plane of the abactinal surface and the extreme margin. 

Colour in alcohol, a bleached greyish white, with a faint pinkish shade over the ovarial 
regions, 

Localities.—Station 89, Between the Canary Islands and Cape Verde Islands. July 
23, 1873. Lat. 22° 18’ 0” N., long. 22° 2’ 0” W. Depth 2400 fathoms. Globigerina 
ooze. Bottom temperature 36°°6 Fahr.; surface temperature 73°°5 Fahr. 

Station 346. Between the coast of Africa and the Island of Ascension. April 6, 
1876. Lat. 2° 42’0”8., long. 14° 410” W. Depth 2350 fathoms. Globigerina ooze. 
Bottom temperature 34°°0 Fahr.; surface temperature 82°°7 Fahr. 

Remarks.—This species is remarkable in many respects, and very distinct from other 
forms. The small size of the disk in relation to the great length of the ray, the extent 
over which the plating is carried, the size of the plates and their unispinulate armature, 
the form of the adambulacral plates, the simplicity of their armature with the absence of 
the inner or furrow-margin spine, the corresponding simplicity of the mouth-plates, and 
finally the prominence of the odontophores and their unusual position, are a list of 


characters which do not occur in any of the other forms of Freyella or Brisinga, and 
cause this species to stand out with striking distinctness. 
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9. Freyella benthophila, n. sp. (Pl. CXI. figs. 5-8). 


Rays six. R= 88mm.;7r=3 mm. R = 30 7, approximately. Breadth of a ray 
at the base, 2°5 mm. ; at 10 mm, from the disk, 1°75 mm.; and at about midway between 
the base and the extremity, 1 mm. 

Rays very long, extremely delicate and attenuate, cylindrical at the base, very slightly 
inflated in the ovarial regions, which extend about 10 mm. from the disk, or occupy the 
proximal ninth of the ray; beyond this the ray is subtriangular with a truncate carination, 
and tapers continuously to a very attenuate extremity. The interbrachial arcs, though 
sharply rounded, have somewhat of an angular character. 

The disk is small, with the abactinal surface slightly subconically convex, and higher 
than the abactinal surface of the rays, the outline when seen in profile passing with a 
gentle slope towards and along the ray, the interference of the ovarial inflation being very 
slight. The abactinal area of the disk and of the ovarial regions is covered with very 
delicate calcareous plates overlaid with extremely delicate membrane. The plates bear 
two or three short, rather stumpy but very minute, spinelets (quite microscopic), and a 
number of small distributed pedicellarie, the whole having more or less of a grouped 
appearance on each plate. On the outer part of the ovarial regions the microscopic 
spinelets frequently appear to be less numerous. The plating does not extend beyond 
the ovarial region, and from thence to the extremity the abactinal surface of the ray is 
covered with an extremely delicate semitransparent membrane. Small pedicellariz are 
distributed over the membrane and, though numerous, have a comparatively widely spaced 
appearance ; they are most numerous towards the lateral margin, and may to a certain 
extent be said to occur in patches corresponding to the “ vertebra” of the ray, but do not 
approach the character of the aggregated groups on the saddle-like sacculi noticed in 
other species. 

The ambulacral furrow is broad and occupies nearly the whole of the actinal surface 
of the ray, the adambulacral plates forming only a narrow margin; its width is about 
1 mm. where the ray is 175mm. The adambulacral plates are elongate, 1°3 mm. in length 
at 10 to12 mm. from the disk, and measure the same quite close to the extremity, where 
the length appears relatively greatly emphasised in consequence of their narrowness and 
attenuation. ‘he plates are very narrow midway between their extremities, their outline 
being distinctly concave; the furrow-margin is the most incurved, and the outline of 
the furrow has consequently the appearance of a lineal series of confluent ovals. The 
armature of the adambulacral -plates consists of a single very delicate spine articulated on 
a small tubercular prominence on the middle of the actinal surface midway between the 
extremities, and an equally delicate lateral spine, often of the same length but normally 
slightly longer, articulated on a rudimentary infero-marginal plate ankylosed on the lateral 
wall immediately beneath the spine just mentioned, usually on alternate plates, but some- 


times less frequently. These spines are enclosed in delicate membranous sheaths with 
(ZOOL. CHALL, EXP.—PART L1.—1888.) 81 
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crowded pedicellarie. ‘The length of the longest is about 2 mm., and their delicacy is so 
great that when denuded of the membranous sheath, they are almost invisible to the naked 
eye. The actinal spines do not perhaps generally stand perpendicularly, but are directed 
laterally at a small angle to the horizontal, the plane of the direction of these spines almost 
coinciding with that of the lateral spines, with which.at first sight they might almost be 
ranked. No inner spinelet of any kind is present on the furrow-margin of the plate. 

The actinostome occupies nearly the whole of the actinal surface of the disk, its diameter 
being 4°5 mm., that of the disk being 6 mm. The buccal membrane is of great delicacy, and 
perfectly transparent, the folds of the digestive cavity being clearly visible through it. 
The mouth-plates are small and rather elongate, extending from the margin of the actino- 
stome to the interbrachial arc, the united pair having a subhexagonal outline. The 
actinostomial margin of the plates is comparatively broad and straight, with the faintest 
prominence at the median line of juncture. ach plate bears one or sometimes two small 
short mouth-spines, 0°36 mm. in length, on the adoral margin away from the median line, 
directed horizontally over the actinostome, but at an angle to the median interradial line ; 
when two mouth-spines are present the outer one is at angle of about 45°, and the inner 
one less than this. These mouth-spines can also be directed perpendicularly. Both are 
covered with thin opaque membrane, but bear no pedicellariz. On the actinal surface of 
each plate, midway between the extremities, is a comparatively large secondary or super- 
ficial mouth-spine, 1°7 mm. in length, encased in a delicate semitransparent membranous 
sheath crowded with pedicellarise. The sheath appears to terminate abruptly at a little 
distance from the tip of the spine; moreover, the pedicellariz seem to be most numerous 
on the trumpet-shaped edge of the roll, and none are present on the basal part of the 
sheath ; indeed, I am inclined to think that this disposition of the pedicellarize upon the 
sheaths obtained throughout the ray. The secondary mouth-spines are twice as thick and 
robust as any of the other spinelets on the ray. 

The plate which I regard as the madreporiform body has a very peculiar appearance, it 
is placed quite at the margin of the abactinal surface of the disk, is subtubercular, and with 
somewhat of a conchoidal form, having a single suture or “striation” furrow, resembling 
the lip of certain volute shells, passing across it. The naked portion of the plate bears 
three or four short spinelets and a few pedicellariz, the same as the other dermal struc- 
tures of the disk, above noted. The whole structure (if this indeed be the madrepori- 
form body) looks more like two displaced impinging plates than anything else. A distinct 
anal aperture is present and its position is slightly excentric. 

Colour in alcohol, greyish white, with a faint pinkish shade over the ovarial regions. 

Locality.—Station 289. In the Mid-South Pacific, near the meridian of 130° W. 
October 23, 1875. Lat. 39° 41/ 0” 8, long, 131° 23’ 0” W. Depth 2550 fathoms. 
Red clay. Bottom temperature 34°-8 Fahr. ; surface temperature 54°°5 Fahr. 

Remarks.—Freyella benthophila is characterised by the presence of six rays, a number 
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possessed by only two other forms, Freyella tuberculata and Freyella sexradiata. It 
may be distinguished from both of these by the spinulation of the abactinal plates, each 
plate bearing two or three small spinelets covered with simple membrane devoid of pedi- 
cellariz. The general proportions are also different. 


10. Freyella heroina, n. sp. (Pl. CXIV. figs. 5-8). 


Rays nines R=320mm.; r=10mm. R=32r. Breadth of a ray at the base, 55 
mm.; at the widest part of the ovarial inflation, 8°5 mm. ; and at 40 mm. beyond the disk, 
4°5 mm. 

Rays delicate and of remarkable length, cylindrical and narrow at the base, but almost 
immediately swelling rather abruptly into a short ovoid ovarial inflation of moderate 
tumidity, which hardly extends beyond 15 mm. from the base of the proximal twenty- 
first part of the ray. From thence the ray is subtriangular and tapers continuously to the 
extremity. The rays are distinctly spaced at the base, the interbrachial arcs being 
sharply rounded. 

The disk is small, with the abactinal surface, which is subplane and capable of slight 
inflation, very little higher than the base of the rays. The membrane covering the 
disk and the basal portion of the rays, to the limit of the ovarial region, is underlaid by a 
pavement of calcareous plates of subhexagonal form, which appear rather widely spaced. 
The plating of the disk is invisible superficially, but that of the ovarial region may be 
clearly traced with a hand-magnifier. On the disk the plates bear only very small spinelets, 
about a millimetre in length or rather less, which taper slightly and are covered with simple 
membrane, and they are sufliciently numerous to give a fairly hirsute appearance to the 
disk. On the ovarial regions the spinelets are smaller and are congregated in little groups 
of three to five on the centre of each plate, and the groups have consequently a distinct 
and isolated appearance when seen with a low power. No pedicellarize occur normally 
among the spinelets on the disk and ovarial regions, but here and there a small sporadic 
one may be found. On the outer (distal) portion of the ovarial swelling, however, the 
spinelets diminish in number, and their place is taken by small crowded pedicellariz, which 
speedily fall into crowded transverse bands, the spinelets disappearing altogether. These 
pedicellarize are very small and measure from 0°12 to 0°15 mm. in length. Beyond the 
ovarial inflation the abactinal surface of the ray is covered with the usual delicate trans- 
parent membrane, bearing saddle-like sacecular bands crowded with minute pedicellariz, 
the corresponding bands on the two sides of the ray being united across the median keel. 

The ambulacral furrow occupies nearly the whole of the actinal surface of the ray, 
measuring about 2 mm. in width at a part where the whole ray is 4 mm. The adam- 
bulacral plates are elongate, nearly 2 mm. in length, and form a narrow rounded margin 
to the furrow; their form is strikingly suggestive of a caudal vertebra; the adoral end of 
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the plate is somewhat broader than the aboral, and the margin towards the furrow is 
rather deeply concave, the greatest depth lying between the median point of the furrow 
margin and its aboral extremity, where the plate stretches prominently into the furrow, 
forming a well-defined bay along which the ambulacral tube-foot passes, and by which 
it is separated from the succeeding tube-foot. The armature of the adambulacral plates 
consists of :—(1.) a small spinelet attached to the aboral prominence of the plate above- 
mentioned, and directed horizontally over the furrow and at a slight angle in the direction 
of the ray; (2.) a longer spine standing perpendicularly and articulated on a tubercular 
elevation on the middle of the actinal surface of the plate; and (3.) a lateral spine on 
alternate plates articulated on a tubercle-like rudimentary infero-marginal plate anky- 
losed on the lateral margin of the adambulacral plate. The small inner spinelet 
is rather more than a millimetre in length, and comparatively robust at the base; it is 
often flattened and expanded at the tip, which is truncate and subspatulate, the whole 
covered with membrane bearing a rather numerous congregation of. pedicellariz. The 
perpendicular spine is delicate and tapering; the longest are about 5 mm. in length, but 
at 80 or 90 mm. from the disk they are not more than 2 to 3 mm., and their length 
generally appears to be rather irregular; they are encased in a membranous sheath, with 
a more or less elongate saccular prolongation, and the whole is covered with crowded pedi- 
cellarize. On the ovarial region the distal extremity of these spines is usually expanded 
like the proximal articulatory base, and is truncate, which gives them a robust clavate 
appearance. ‘The lateral spines are of great delicacy; the longest measure 16 to 18 mm., 
and they are encased in a sheath of very delicate membrane with crowded pedicellariz, 
and there is a comparatively large saccular knob at the extremity. The pedicellariz are 
exceedingly small and attached to the membrane by long thread-like stalks. Unfor- 
tunately, very few of these spinelets are to be found unbroken, owing to the extreme 
fragility and delicacy of the specimen, and probably also to the difficulty in detaching 
it from the hempen tangles. It is much shattered, and I am therefore unable to say with 
accuracy what the general habit of the ray would be in comparison with that of other 
species, but I am disposed to think that the lateral spines were relatively short in pro- 
portion to the great length of the rays, and that they were certainly more delicate than 
usual, 

The actinostome is large and wide, its diameter being about 12 mm., in a disk mea- 
suring 19 mm. The buccal membrane is of great delicacy, and semitransparent. The 
mouth-plates are small and inconspicuous, and present a remarkably straight margin 
towards the actinostome. Two small mouth-spines are borne on each plate, of a pecu- 
liarly curved, semicrescentic or semiscimitar form; they have the appearance of bending 
round until the outward prolongation of the distal extremity is at a right angle to the 
prolongation of the median line of the mouth-plates, and their shortness gives them the 
appearance of being turned back so as to fit almost close to the margin of the plate. They 
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are covered with thin membrane, and have a few pedicellariz near the base. Each plate 
bears on its actinal surface a secondary or superficial mouth-spine 4 mm. in length, 
enclosed in a membranous sheath crowded with large pedicellariz. The entrance of the 
ambulacral furrow is barred at the actinostomial margin by two broad crescent-shaped 
processes or plates,” which are articulated on the mouth-plates and appear to be the 
modified representatives of the inner or furrow spine on the adambulacral plates. These 
plates meet their correspondents in the median radial line and form a noticeable tract 
separating the first pair of ambulacral tube-feet from the buccal membrane. 

The madreporiform body is situated on a distinct prominence, and at the margin 
of the abactinal surface. The slope of the prominence is covered with membrane and 
spinelets, in fact a continuation of the dorsal tegumentary structures. The striation is 
of great simplicity, consisting apparently of only two angulated furrows, one outside 
the other. 

Colour in alcohol, ashy white, with.a slight pinkish shade on the side of the ovarial 
regions, probably owing to the thinness of the plating there. 

Locality.—Station 244. In the Mid-North Pacific, between Yeddo and San Francisco, 
near the meridian of 170° E. June 28,1875. Lat. 35° 22’ 0” N., long. 169° 53’ 0” E. 
Depth 2900 fathoms. Red clay. Bottom temperature 35°'3 Fahr.; surface temperature 
70°'5 Fahr. 

Remarks.—This species is remarkable for the great length of the rays and the 
relatively short ovarial regions. It may be readily distinguished by the number of the 
rays, by the peculiar subcrescent or scimitar-shaped mouth-spines, by the armature of 
the adambulacral plates, and by the character of the spinulation of the abactinal plates. 


11. Freyella attenuata, n. sp. (PI. CXIII. figs. 5-7). 


Disk and number of rays unknown. Breadth of a ray at the base, 2°8 mm.; at the 
widest part of the ovarial inflation, 3°8 mm. (which is measured at about 5 mm. from the 
base); and at 33 mm. from the base, 2°1 mm. 

Rays elongate, delicate, and slender ; subcylindrical at the base, swelling rather rapidly 
into a small fusiform ovarial inflation, which contracts more gradually outwardly and 
terminates at about 12 mm. from the base, the ray beyond this point being subtri- 
angular. 

The abactinal surface of the ray at the base is covered with very thin but compara- 
tively large subhexagonal plates which bear from one to three short, sharply pointed, 
minute spinelets, most of the plates on the ovarial region having the larger number and 
with a tendency to a lineal arrangement on the plate transverse to the axis of the ray. 
Beyond the ovarial region the plates diminish in size and become irregular, whilst only 
some of them bear spinelets which are also smaller; isolated minute spinelets may be 
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traced as far as 28 mm. from the base. The outer part of the ray is covered with a very 
delicate semitransparent membrane. 

The ambulacral furrow is wide and measures 1°6 mm. at a part where the ray is 
2°55 mm. The adambulacral plates are remarkable for their length and generally 
attenuate character. Indeed the same remark applies to the whole ambulacral ossicle or 
segment, the latter when seen from above having the appearance of two thin cylindrical 
rods placed side by side. The length of the adambulacral plate is 2°8 mm. at 25 mm. 
from the base ; its furrow-margin is deeply concave, and the outer margin to a less degree, 
the shape of the plate being that of an elongate phalangial bone considerably constricted 
in the median region; when seen from the actinal side it has also a slightly angulated 
or twisted appearance in consequence of the posture and formation of the tubercle upon 
which the actinal spine is articulated. The plates overlap considerably, the aboral end 
of one being hollowed out to receive the produced adoral end of the next plate, and a 
rather wide space between is occupied by ligament. The adambulacral armature consists 
of :—(1.) a very minute inner.spine directed over the furrow, but which is present only on 
the extreme basal portion of the ray; (2.) a short actinal spine, articulated on a rudi- 
mentary infero-marginal plate on the actinal surface of the plate; (3.) a short delicate 
lateral spine articulated on the lateral margin of each alternate plate. The small inner 
spine, excepting on the first one or two segments, is quite microscopic, thornlike and 
sharply pointed, and deeply placed in the furrow, near the aboral extremity of the plate, 
and covered with membrane, upon which I find no trace of any pedicellarixs. The actinal 
spine is small, about 2 mm. ‘in length, very delicate, tapering to a sharp point, and 
encased in a thin membranous sheath, crowded with small pedicellariz, which develops a 
rather elongate sacculus at the distal extremity. Notwithstanding its small size this 
spine has a large expanded condyloid base by which it is articulated on.a prominent 
tubercle situated slightly on the aboral side of the median point of the actinal surface 
of the adambulacral plate. The lateral spine is extremely delicate, about 6°5 mm. in 
length, and is encased in a thin membranous sheath, with an elongate saccular extension 
at the distal extremity, and covered with numerous small pedicellariz. It resembles 
the actinal spine in the character of its base, and is articulated on a prominent tubercle- 
like rudimentary infero-marginal plate, ankylosed on the lateral margin of the adam- 
bulacral plate in a line with the tubercle that bears the actinal spine. 

Colour in alcohol, a delicate pellucid white, with a fleshy shade on the ovarial region. 

Locality.—Station 226. West of the Mariana or Ladrone Islands. March 25, 1875. 
Lat. 14° 44’ 0” N,, long. 142° 13’ 0” E. Depth 2300 fathoms. Radiolarian ooze. 
Bottom temperature 35°-5 Fahr. ; surface temperature 79°:0 Fahr. 

Remarks.—At first sight I was disposed to think that possibly this might be the 
young form of Freyella heroina, to which it is most nearly allied, but when the extra- 
ordinary length and attenuation of the ray segments, greater than that found in any part 
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of the mature ray of Freyella heroina, are taken into consideration, together with the 
differences in the adambulacral armature and the spinulation of the abactinal plates, I 
consider it safer on the strength of the material at my disposal to rank the form under 
notice as a distinct species. 


Genus Colpaster, n. gen. 


Rays elongate and subcylindrical as viewed from above, having the general character 
of the rays of Brisingidz. Disk small and sharply defined, the rays being readily 
detachable. 

Abactinal area of the disk and of the basal portion of the rays covered with small, 
seale-like, imbricating, calcareous plates, which form a compact casement. The plates bear 
minute isolated spinelets, those upon the disk being slightly larger than on the base of the 
rays, and with their extremity denticulate. No papule are present. 

_ Adambulacral plates only slightly longer than broad, widely spaced, the interspaces 
being filled with ligament. Adambulacral armature consisting of two small equal inner 
spinelets, one at each extremity of the furrow-margin, and two unequal spines on the 
actinal surface of the plate, one large and robust. These are invested with membranous 
sheaths covered with crowded pedicellariz. Robust lateral spines are articulated on small 
rudimentary infero-marginal plates intimately united to the adambulacral plates. 

An azygos interradial plate, shield-shaped and conspicuous superficially, separates the 
first pair of free adambulacral plates, resembling the mouth-shield of an Ophiuran. 

Mouth-plates small, with an armature consisting of three mouth-spines proper, and 
three large secondary or superficial mouth-spines on the actinal surface of each plate. 

Madreporiform body small, subtubercular, prominent, situated near the margin of the 
disk ; striations few in number and simple. Anal aperture distinct, situated excentrally. 

Remarks.—Colpaster resembles Freyella in general habit and in the plating of the 
disk and ovarial regions of the rays. It is distinguished, however, from that and from all 
other forms by the presence of the azygos interradial plate external to the mouth-plates, 
and by the character of the armature of the adambulacral plates and mouth-plates. 


Chorology of the Genus Colpaster. 


a. Geographical distribution :— 
ATLANTIC: One species between the parallels of 20° and 30° N. 
Colpaster scutigerula, from south-west of the Canary Islands. 
8. Bathymetrical range: 1525 fathoms. 
y. Nature of the Sea-bottom: Hard ground. 
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Chorological Synopsis of the Species. 


| Ocean. Range in Fathoms. | Nature of the Sea-bottom. 


Colpaster scutigerula . ‘ Atlantic. 1525 | Hard ground. 


1. Colpaster scutigerula, n. sp. (Pl. CXVII. figs. 4-7). 


Rays seven. R=%mm.; 7 =6mm. Breadth of a ray at the base, 5 mm.; at the 
widest part of the ovarial inflation, 5°5 mm, (measured at 9 mm. from the disk); and at 
24 mm. from the disk, 4 mm. 

The rays are robust at the base in proportion to the small disk, and have a very 
slightly fusiform ovarial inflation, which does not extend beyond 18 mm. from the disk. 
Beyond the ovarial inflation the ray is subtriangular, with a broad median carination. 

The disk is small and rather thick, with the lateral walls precipitous, and the margin 
slightly incurved in the interradia, and slightly tumid over the base of the rays. The 
abactinal surface is covered with small imbricating plates, which bear from three to six 
small equal-sized spinelets less than 0°5 mm. in length ; their shafts are cylindrical, flaring 
slightly at the tip, with four or five thornlets. One or two small pedicellarize may be 
seen here and there at the base of the spinelets, but there are very few. The abactinal 
surface of the rays is covered (at least at the base) with similar small imbricating plates, 
which diminish very considerably in size as soon as the ovarial region is passed. They 
are present throughout the whole length of the fragments under notice, and I am there- 
fore unable to say how far they extend along the ray. The plates on the ovarial regions 
bear similar, but rather smaller, spinelets than those on the disk, and they decrease in 
number on the outer part of the region. Numerous small pedicellarize are upon the 
plates and increase in number as the spines decrease, but no trace of sacculi with crowded 
pedicellarize are discernible on the innermost 28 mm. of the ray. 

The ambulacral furrow is wide, measuring 2°25 mm. in breadth at a part where the 
ray is 4mm. The adambulacral plates are very little if at all longer than broad at the 
outermost end of the fragments, where they measure about 1°3 mm. in length; they are 
separated by a wide space filled in with ligament, and the furrow-margin of the plate is 
slightly concave. The adambulacral armature consists of :—(1.) two small inner spines, one 
at each extremity of the plate, directed over the furrow; (2.) two unequal actinal spines, 
which stand perpendicularly or slightly inclined towards the furrow; (3.) a lateral spine, 
perhaps normally borne on alternate plates, but frequently on consecutive plates on the 
basal part of the ray. ‘The small inner spines, which are subequal, are a trifle more 
than 1 mm. in length, cylindrical, delicate, and only slightly tapering; they are covered 
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with delicate membrane bearing a number of small pedicellarize; the position of the 
aboral spine is rather high in the furrow, over which it is directed at an angle of about 
45°, and at a right angle to the margin. The two actinal spines are very unequal in 
size, the smaller one, situated close to the aboral end of the plate and a little on the 
furrow side of the median longitudinal line, is about twice the length of the small inner 
spine or even rather more, but very much more robust, especially at the base, which is 
thick, and the shaft tapers to a pointed extremity; it is articulated on a small tubercle 
and is covered with delicate membrane bearing small pedicellarie. The adoral com- 
panion, which may be considered the true actinal spine, is large and robust, about 4 mm. 
in length, and is articulated on a tubercular eminence, midway between the extremities 
of the plate and a little on the outer side of its median longitudinal line. The shaft is 
thick, cylindrical, and in the eight or ten innermost spines flaring at the extremity, and 
with its surface marked with comparatively coarse striations, which have often a slightly 
twisted appearance, and is covered with delicate membrane crowded with pedicellarie. 
The lateral spine is long, robust, and tapering, similar in character to the large actinal 
spine. It is articulated on a prominent tubercle-like rudimentary infero-marginal plate 
ankylosed on the lateral side of the adambulacral plate, and is covered with delicate 
membrane with crowded pedicellariz. The lateral spines are quite remarkable for their 
robustness in relation to the small size of the disk. 

The actinostome is wide, 7°5 mm. in diameter, that of the disk being 12 mm. The 
mouth-plates are small but powerful, and are remarkable for the number and size of 
the mouth-spines they bear. On the margin of each plate are three small cylindrical 
spinelets, two of them in front but away from the median suture, well spaced, radiating 
apart, and directed horizontally over the buccal membrane, whilst the third is further 
back and directed across the entrance of the furrow. Behind these are three long 
robust spines, placed close to the margin, which should in reality be counted as secon- 
dary spines, although when seen from above they have the appearance of being the 
marginal mouth-spines, and quite mask the small spines just mentioned. The inner- 
most are the longest and reach to the centre of the actinostome, the pair being directed 
horizontally over the buccal membrane, parallel to one another. The other two spines 
are smaller and the outermost is the least, and they radiate outward from the foremost 
slightly and in increasing degree. The shafts of these large secondary mouth-spines are 
cylindrical, robust, tapering, coarsely striated, covered with delicate membrane crowded 
with pedicellarie, which, though small, are larger than any of those before mentioned. 
The armature of the first pair of adambulacral plates succeeding the mouth-plates is so 
placed as to appear to belong to the mouth-plate armature; it consists of two small 
spines one behind the other placed quite in the furrow, then a larger actinal spine which 
appears to belong to the series of the large secondary mouth-spines, and still more inward 
on the plate a much larger and more robust actinal spine, this with its companion on the 
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adjacent plate having at first sight the appearance of being the only pair of true secondary 
mouth-spines ; this is further enhanced by their being the most robust spines of the 
series, as well as by their position. This character is, however, deceptive, as will be seen 
from the foregoing remarks. The first pair of adambulacral plates is further noteworthy 
on account of being separated by a conspicuous azygos shield-shaped plate, bearing 
superficially the closest resemblance to the mouth-shield of an Ophiurid. This plate 
extends to the interbrachial are and is facetted laterally by the rudimentary marginal 
plate, and in the lateral wall of the disk the cone-shaped plate, the so-called odontophore 
of Viguier, or wedge-plate of Sars, is seen to stand upon it. 

The madreporiform body is very small but prominent ; it stands near the margin but 
far above the cone-shaped plate just mentioned, and its surface is marked by two or three 
deep, coarse, highly convoluted striations. 

A very distinct anal aperture is present in an excentric position. 

Colour when dried, an ashy grey, with distinct traces of a violet shade, which are 
suggestive of that having been the original colour of the specimen. 

Locality.—Station 3. South-west of the Canary Islands. February 18, 1873. Lat. 
25° 45’ 0” N., long. 20° 14’ 0” W. Depth 1525 fathoms. Hard ground. Bottom 
temperature 37°°0 Fahr.; surface temperature 65°:0 Fahr. 

Remarks.—This species is readily distinguished from all the other plated forms of 
Brisingidee by the numerous spinelets of the dermal integument of the disk, also by 
the character of these; by the character and disposition of the adambulacral armature ; 
and by the presence of the remarkable actinally superficial azygos interradial plate. This 
congeries of characters is sufficient, in my opinion, to clearly mark the generic independ- 
ence of the form, although the material at my disposal is unfortunately so fragmentary. 


CHOROLOGY OF THE SPECIES. 


A.—LIST OF STATIONS AND THE GEOGRAPHICAL POSITIONS AT WHICH 
ASTEROIDEA WERE COLLECTED, WITH THE ENUMERATION OF 
THE SPECIES OBTAINED AT EACH STATION. 


I, CHALLENGER: EXPEDITION. 


Sration I. South-west of Cape Finisterre. December 30, 1872. Lat. 41° 58’ 0” N., 
long. 9° 4270” W. Depth 1125 fathoms. Blue mud. 


Hymenaster membranaceus. 


Off the coast of Portugal: January 1873. Station and conditions not recorded. 


Pararchaster armatus. Algo at Stations 46 and 50. 


Station V. ‘South of Cape St. Vincent. January 28, 1873. Lat. 35° 47/0” N., long. 
8° 23’ 0” W. Depth 1090 fathoms. Globigerina ooze. Bottom temperature 
38°°5 Fahr.; surface temperature 61°:0 Fahr. 


Plutonaster bifrons. Also at Station 47. 


Station 3. South-west of the Canary Islands. February 18,1873. Lat. 25° 45’ 0” N., 
long. 20° 14’ 0” W. Depth 1525 fathoms. Hard ground. Bottom tempera- 
ture 37°°0 Fahr.; surface temperature 65°°0 Fahr. 


Nymphaster protentus. 
Colpaster scutigerula. 


Station 24, North-west of St. Thomas, Virgin Islands. March 25, 1873. Lat. 18° 38’ 
30” N., long. 65° 5’ 30” W. Depth 390 fathoms. Pteropod ooze. Surface 
temperature 76°°0 Fahr. 


Brisinga cricophora. 


‘Sration 36. Off Bermuda. April 22, 1873, Lat. 32° 7/ 25” N., long. 65° 4! 0” W. 
Depth 30 fathoms. Coral. Surface temperature 67°°5 Fahr. 


Chextaster longipes. Also at Station 75. 
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Off Bermuda. Depth and conditions not recorded. 


Asterina folium. 
Asterias (Stolasterias) tenwispina. 


Sration 44. Off the coast of North America, east of Delaware and Maryland. May 
2, 1873. Lat. 37°25’ 0’N., long. 71° 400” W. Depth 1700 fathoms. Blue 
mud. Bottom temperature 36°°2 Fahr.; surface temperature 56°°5 Fahr. 


Pararchaster semisquamatus, var. occidentalis. Or at Station 45. 
Pontaster forcipatus. Also at Stations 45, 46, and 50. 

Dytaster exilis, var. carinata. 

Dytaster madreporifer. Also at Station 45. 

Plutonaster rigidus. Or at Station 45. 

Phoxaster pumilus. Or at Station 45, also at Station 46. 


Sration 45. Off the coast of North America, east of Delaware and Maryland. May 
3, 1873. Lat. 38° 34’ 0” N., long. 72° 10’ 0” W. Depth 1240 fathoms. 
Bluemud. Bottom temperature 37°°2 Fahr. ; surface temperature 49°°5 Fahr. 


Pararchaster semisquamatus, var. occidentalis. Or at Station 44. 
Pontaster forcipatus. Also at Stations 44, 46, and 50. 

Dytaster madreporifer. Also at Station 44. 

Plutonaster rigidus. Or at Station 44. 

Porcellanaster ceruleus. Also at Stations 46 and 47. 

Phoxaster pumilus. Or at Station 44, also at Station 46. 


Station 46. Off the coast of North America, east of New Jersey. May 6, 1873. 
Lat. 40° 17’ 0” N., long. 66° 48’ 0” W. Depth 1850 fathoms. Blue mud. 
Bottom temperature 37°°2 Fahr.; surface temperature 40°°0 Fahr. 


Pararchaster armatus. Also at Station 50, and off Portugal. 
Pontaster forcipatus. Also at Stations 44, 45, and 50. 
Plutonaster rigidus, var. semiarmata. Or at Station 47. 
Porcellanaster ceruleus. Also at Stations 45 and 47. 
Leptoptychaster arcticus, var. elongata. Also at Station 49. 
Phoxaster pumilus. Also at Station 44 or 45. 

Zoroaster fulgens. Also at Stations 50 and 120. 

Cribrella oculata. Also at Stations 48 and 49. 

Brisinga verticillata. 

Freyella bracteata. Also at Stations 47 and 50. 
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Station 47. Off the coast of North America, east of Massachusetts. May 7, 1873. 
Lat. 41° 14’ 0” N., long. 65° 450” W. Depth 1340 fathoms. Blue mud. 
Surface temperature 42°°0 Fahr. 


Plutonaster bifrons. Also at Station V. or off the coast of Por- 
tugal. 

Plutonaster rigidus, var. semiarmata. Or at Station 46. 

Porcellanaster ceruleus. Also at Stations 45 and 46. 

Freyella bracteata, Also at Stations 46 and 50. 


Sration 48. South-west of Halifax, Nova Scotia. May 8, 1873. Lat. 43° 4’ 0” N., 
long. 64° 5’0” W. Depth 51 fathoms. Rock. Surface temperature 38°-0 
Fahr. 


Crossaster papposus. 
Solaster endeca. 
Cribrella oculata. Also at Stations 46 and 49. 


Station 49. South of Halifax, Nova Scotia. May 20,1873. Lat. 43° 3’ 0” N., long. 
63° 39’ 0” W. Depth 85 fathoms. Gravel, stones. Bottom temperature 
35°'0 Fahr. ; surface temperature 40°°5 Fahr. 


Pontaster hebitus. 

Pseudarchaster intermedius. 

Leptoptychaster arcticus, var. elongata, Also-at Station 46. 
Pentagonaster granularis. 

Hippasteria plana. 

Stichaster albulus. 

Pteraster militaris. 

Cribrella oculata. Also at Stations 46 and 48, 

Asterias (Leptasterias) compta. 


Sration 50. South of Halifax, Nova Scotia. May 21, 1873. Lat. 42° 8’ 0” N., long. 
63° 390” W. Depth 1250 fathoms. Blue mud. Bottom temperature 38°0 
Fahr.; surface temperature 45°°0 Fahr. 


Pararchaster armatus. Also at Station 46, and off Portugal. 
Pontaster forcipatus, Also at Stations 44, 45, and 46. 
‘Zoroaster fulgens. Also at Stations 46 and 120. 

Asterias (Hydrasterias) ophidion, 

Freyella bracteata, Also at Stations 46 and 47. 
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Sration 73. Westof Fayal, Azores. June 30,1873. Lat. 38° 30’0”N., long. 31° 14’ 0” 
W. Depth 1000 fathoms. Pteropod ooze. Bottom temperature 39°:4 
Fahr. ; surface temperature 69°:0 Fahr. 
Plutonaster notatus. 
Neomorphaster eustichus. Also at Station 76. 


Sration 75. Between the Islands of Fayal and San Jorge (Azores). July 2, 1873. 
Lat. 38° 38’ 0” N., long. 28° 28’ 30” W. Depth 450 fathoms. Volcanic 
mud. Surface temperature 70°:0 Fahr. 

Astropecten hermatophilus. 

Chextaster longipes. Also at Station 36. 
Ophidiaster attenuatus. 
Ophidiaster ophidianus. 


Station 76. Between the Islands of San Miguel and Pico (Azores). July 3, 1873. 
Lat. 38° 11’ 0” N., long. 27° 9’ 0” W. . Depth 900 fathoms. Pteropod ooze. 
Bottom temperature 40°0 Fahr. ; surface temperature 70°0 Fahr. 
Pontaster venustus. Also at Station 79. 
Neomorphaster eustichus. Also at Station 73. 


Station 78. Between the Islands of San Miguel and Santa Maria (Azores). July 10, 
1873. Lat. 37° 26’ 0” N., long. 25° 13’ 0” W. Depth 1000 fathoms. Vol- 
canic mud. Surface temperature 71°°0 Fahr. 

Plutonaster abbreviatus. 
Aphroditaster gracilis. 
Pentagonaster lepidus. 


Sration 79. Between the Azores and Madeira. July 11,1873. Lat. 36° 21’ 0” N., 
long. 23° 31’ 0” W. Depth 2025 fathoms. Globigerina ooze. Bottom 
temperature 35°'9 Fahr. ; surface temperature 71°°5 Fahr. 

Pontaster venustus. Also at Station 76. 
Dytaster biserialis. 


Station 89. Between the Canary Islands and Cape Verde Islands. July 23, 1873. 
Lat. 22° 18’ 0” N., long. 22° 2’ 0” W. Depth 2400 fathoms. Globigerina 
ooze. Bottom temperature 36°°6 Fahr. ; surface temperature 73°°5 Fahr. 

Lonchotaster tartareus. 
Thoracaster cylindratus. 
Freyella tuberculata. Also at Station 346. 
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Off the Cape Verde Islands. Position, depth, and conditions not recorded. 
Pontaster venustus, var. robusta. 
Psilaster cassiope. 
Psilaster patagiatus. 


Nymphaster albidus. 


Off St. Vincent, Cape Verde Islands. Depth and conditions not recorded. 


Pentagonaster senilunatus, 
Narcissia canariensis. 
Asterias (Stolasterias) glacialis. 


Off Porto Praya, St. Jago (Cape Verde Islands). 


Pentaceros dorsatus. 
Linckia gquildingia. 


Sration 106. Near the Equator, due south of the Cape Verde Islands. August 25, 
1873. Lat. 1° 47’ 0” N., long. 24° 26’ 0” W. Depth 1850 fathoms. Globi- 
gerina ooze. Bottom temperature 36°°6 Fahr.; surface temperature 78°°8 
Fahr. 


Poragonaster cylindratus. 


Off Fernando Noronha. Shallow water. 


Astropecten brasiliensis, Also off Bahia. 


Station 120. Off Pernambuco. September 9, 1873. Lat. 8° 37’ 0’S., long. 34° 28’ 0” W. 
Depth 675 fathoms. Red mud. Surface temperature 78°°0 Fahr. 


Zoroaster fulgens. Also at Stations 46 and 50. 


Sration 122-122c. Off the coast of Brazil, south-east of Pernambuco. September 10, 
1873. Lat. 9° 5’0”S. to 9° 10’ 0” S,, long. 34° 49’ 0” W. to 34° 53’ 0” W. 
Depths 32, 120, 350, 400 fathoms. Red mud. Surface temperature 77°°5 
Fahr. 
Astropecten cingulatus. 
Calyptraster coa. 


Station 125. Off the eastern coast of Brazil, near the mouth of the Rio San Francisco. 
September 12, 1873. Lat. 10° 46’ 0” &., long. 36° 2’0” W. Depth 1200 
fathoms. Red mud. Surface temperature 77°°0 Fahr. 


Nymphaster basilicus. 
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Off Bahia. Depth 7 to 20 fathoms. 

Astropecten brasiliensis. Also off Fernando Noronha. 
Imidia alternata. 

Inidia clathrata. 

Narcissia trigonaria. Depth and conditions not recorded. 
Echinaster spinosus. 

Sration 133. In the South Atlantic, west of the Island of Tristan da Cunha. October 
11,1873. Lat. 35° 41’ 0” &, long. 20° 55’0” W. Depth 1900 fathoms. 
Globigerina ooze. Bottom temperature 35°°4 Fahr.; surface temperature 
58°°0 Fahr. 


Dytaster exilis, var. gracilis. 


Off Inaccessible Island, Tristan da Cunha. Depth 90 fathoms. 
Astropecten mesactus. 
Cribrella simplex. Also off Marion Island, and at Stations 135¢c, 
145a, and 148. 


Sration 135c. Off Nightingale Island, Tristan da Cunha. October 17, 1873. Lat. 37° 
25’ 30” S., long, 12° 28’ 30” W. Depth 110 fathoms. Surface temperature 
54°°0 Fahr. 

Crossaster penicillatus. Also (2) at Station 145. 

Cribrella simplex. Depth 100 to 150 fathoms. Also off Inaccessible 
Island, off Marion Island, and at Stations 145a and 148. 

Asterias (Stolasterias) eustyla. Depth 100 to 150 fathoms. 


Station 137. In the South Atlantic, midway between the Island of Tristan da Cunha 
and the Cape of Good Hope. October 23, 1873. Lat. 35° 59’ 0” S., long. 
1° 34’ 0" E. Depth 2550 fathoms. Red clay. Bottom temperature 34°°5 
Fahr. ; surface temperature 56°°1 Fahr. 


Porcellanaster eremicus. 


Simon’s Bay, Cape of Good Hope. 


Pseudarchaster tessellatus. 

Astropecten pontoporeus. Shallow water to 20 fathoms. 
Psilaster acuminatus. Also at Stations 164 and 167. 
Luidia africana. 

Calliaster baccatus. Depth 5 to 18 fathoms. 
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Patiria bellula, Shallow water. 

Asterina exigua. Shallow water. Also off Samboangan, Philippine 
Islands ; Sea Point, near Cape Town; and Port Jackson, 
Australia. 

Stichaster felipes. Also at Station 142. 

Cribrella ornata, Shallow water to 20 fathoms. { 

Asterias (Stolasterias) africana. Shallow water to 20 fathoms. 


Sea Point, near Cape Town. 


Asterina exigua. Also off Samboangan, Philippine Islands; Simon’s 
Bay, Cape of Good Hope; and Port Jackson, Australia. 


Station 142. South of the Cape of Good Hope. December 18,1873. Lat.35° 4’ 0” S., 
long. 18° 87’ 0” E. Depth 150 fathoms. Green sand. Bottom temperature 
47°-0 Fahr. ; surface temperature 65°5 Fahr. 


Stichaster felipes. Also at Simon’s Bay, Cape of Good Hope. 


Sration 148. Off the Agulhas Bank, south of the Cape of Good Hope. December 19, 
1873. Lat. 36° 48’ 0” S., long. 19° 24’ 0” E. Depth,1900 fathoms. Globi- 
gerina ooze. Bottom temperature 35°°6 Fahr. ; surface temperature 73°:0 Fahr. 


Pararchaster pedicifer. Also at Station 147. 


Sration 145. Off Marion Island. December 27, 18738. Lat. 46° 43’ 0” S., long. 38° 4’ 
30” E. Depth 140 fathoms. Volcanic sand. Surface temperature 41°:0 Fahr. 
% Crossaster penicillatus. Also at Station 135¢. 
Pedicellaster hypernotius. 


Off Marion Island. Depth 50 fathoms. 

Leptoptychaster kerguelenensis. Also at Stations 1494, 149, 149k. 

Gnathaster meridionalis. Also at Stations 149p, 149H, 150, and 
1toyils 

Gnethaster elongatus. Also at Stations 149H, 150, and 151. 

Porania antarctica. Also off Prince Edward Island, and at Sta- 
tion 147. 

Pteraster semireticulatus. 

Cribrella simplex. Also off Inaccessible Island, and at Stations 
185c, 1454, and 148. 
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Asterias meridionalis. Also at Stations 149p, 1498, and 149n, 
Asterias (Smilasterias) scalprifera. Also at Station 151. 


Sration 145a. Off Prince Edward Island. December 27,1873. Lat. 46° 41’0”S., long. 
38° 10’ 0” E. Depth 310 fathoms. Volcanic sand. Surface temperature 
41°°5 Fahr. 

Cribrella simplex. Also off Inaccessible Island ; off Marion Island ; 
and at Stations 135c and 148. 


Off Prince Edward Island. Depth 85 to 150 fathoms. 
Porania antarctica, Also off Marion Island; and at Station 147. 


Sration 146. Between Marion Island and the Crozet Islands. December 29, 1873. 
Lat. 46° 46’ 0” §., long. 45° 31/0” E. Depth 1375 fathoms. Globigerina 
ooze. Bottom temperature 35°°6 Fahr. ; surface temperature 43°°0 Fahr. 

Pontaster forcipatus, var. echinata. 
Hymenaster graniferus. 

Hymenaster coccinatus. 

Hymenaster precoquis. Also at Station 147. 
Brisinga membranacea. Also at Station 147. 
Freyella fragilissima. Also at Station 156. 


Station 147. West of the Crozet Islands. December 30, 1873. Lat. 46° 16’ 0” S., 
long. 48° 270” E. Depth 1600 fathoms. - Diatom ooze. Bottom tempera- 
ture 34°'2 Fahr. ; surface temperature 41°°0 Fahr. 

Pararchaster pedicifer. Also at Station 143. 

Porania antarctica. Also off Marion Island ; and off Prince Edward 
Island. 

Hymenaster prxcoquis. Also at Station 146. 

Brisinga membranacea. Also at Station 146. 


Station 148. Between Marion Island and Kerguelen Island. January 3, 1874. Lat. 
46° 47’ 0” §., long. 51° 37’ 0” E. Depth 210 fathoms. Hard ground (gravel, 
shells). Surface temperature 41°-0 Fahr. 

Leptoptychaster antarcticus. 

Cribrella prestans. 

Cribrella simplex. Also off Inaccessible Island ; off Marion Island ; 
and at Stations 135c and 145a. 
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Sration 149a. Betsy Cove, Kerguelen Island. January 14,1874. Lat. 49° 8’ 0”S., 
long. 70° 9’ 0” E. Depth 40 fathoms. Volcanic mud. 
Leptoptychaster kergquelenensis. Depth 15 to 25 fathoms. Also at 
_ Stations 149p and 1498; and off Marion Island. 


Station 149p. Royal Sound, Kerguelen Island. January 20, 1874. Lat. 49° 28’ 0” S., 
~ long. 70° 13’ 0” E. Depth 28 fathoms. Volcanic mud. Surface tempera- 
ture 41°°0 Fahr. 
Leptoptychaster kerquelenensis. Depth 25 to 28 fathoms. Also at 
Stations 1494, 149%; and off Marion Island. 
Gnathaster meridionalis. Also at Stations 149H, 150, 151; and off 
Marion Island. 
Pteraster affinis. 
Cribrella simplex, var. granulosa. 
‘Perknaster fuscus. Depth 25 fathoms. Also at Station 151. 
Echinaster spinulifer. Also at Station 1498. 
Pedicellaster scaber. Depth 20 to 25 fathoms. 
Asterias meridionalis. Depth 25 to 28 fathoms. Also at Stations 
149k and 149H; and off Marion Island. 
Asterias perriert. Depth 25 to 28 fathoms. 


Station 149. Off Cape Maclear, on the south-east coast of Kerguelen Island. January 
21, 1874. Lat. 49° 37’0” S., long. 70° 16’ 0” KE. Depth 30 fathoms. Vol- 
canic mud, 

Leptoptychaster kerguelenensis, Also at Stations 149a, 149D; and 
off Marion Island. 

Porania glaber. Also at Station 1494, 

Asterias meridionalis. Also at Stations 149p and 149H; and off 
Marion Island. 


Sration 149. Off Cumberland Bay, Kerguelen Island. January 29, 1874, Lat. 48° 
45’ 0" S., long. 69° 140” E, Depth 127 fathoms. Volcanic mud. Surface 
temperature 39°°8 Fahr. 

Bathybiaster loripes, var. obesa, Also at Station 151. 

Gnathaster meridionalis. Also at Stations 149p, 150, 151; and off 
Marion Island. 

Gnathaster elongatus. Also at Stations 150, 151; and off Marion 
Island. 


660 THE VOYAGE OF H.M.S. CHALLENGER. 


Porania glaber. Also at Station 1498. 

Retaster peregrinator. 

Perknaster densus. 

Echinaster spinulifer. Also at Station 149p. 

Asterias meridionalis. Also at Stations 149p, 1498, and off Marion 
Island. 

Labidiaster annulatus. Also at Stations 150, 151, and 191. 


Off Kerguelen Island. Position not recorded. 


Leptoptychaster kerguelenensis. Depth 10 to 50 and 100 fathoms. 
Also at Stations 1494, 149p, 149, and off Marion 
Island. 

Cribrella simplex, var. granulosa. Depth 10 to 50 fathoms. Also 
at Station 149p. 

Asterias meridionalis. Depth 10 to 50 fathoms. Also at Stations 
149p, 1495, 149H, and off Marion Island. 

Asterias perriert. Depth 110 fathoms. Also at Station 149p. 


Station 150. Between Kerguelen Island and Heard Island. February 2, 1874. Lat. 
52° 4’ 0”S,, long. 71° 22’ 0” E. Depth 150 fathoms. Coarse gravel. Bottom 
temperature 35°°2 Fahr. ; surface temperature 37°°5 Fahr. 


Gnathaster meridionalis. Also at Stations 149p, 149u, 151, and off 
Marion Island. 

Gnathaster elongatus. Also at Stations 149H, 151, and off Marion 
Island. 

Porania spiculata. Also at Stations 151 and 191. 

Solaster subarcuatus. 

Pteraster rugatus. 

Asterias (Smilasterias) triremis. 

Labidiaster annulatus. Also at Stations 149H, 151 and 191. 


Station 151, Off Heard Island. February 7, 1874. Lat. 52° 59’ 30” S., long. 73° 33/ 
30” E. Depth 75 fathoms. Volcanic mud. Surface temperature 36°°2 Fahr. 


Bathybiaster loripes, var. obesa. Also at Station 149H. 

Gnathaster meridionalis, Also at Stations 149, 149H, 150, and off 
Marion Island. 

Gnathaster elongatus, Also at Stations 149H, 150, and off Marion 
Island. 
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Porania spiculata. Also at Stations 150 and 191. 
Perknaster fuscus. Also at Station 149p. 

Asterias (Smilasterias) scalprifera. Also off Marion Island. 
Labidiaster annulatus. Also at Stations 149H, 150, and 191. 


Station 153. In the Southern Ocean, amongst the pack ice, close to the Antarctic 
Circle. February 14, 1874. Lat. 65° 42’ 0” S.,, long. 79° 49’ 0” E. Depth 
1675 fathoms. Blue mud. Surface temperature 29°5 Fahr. (This was the 
most southern dredging station during the expedition). 


Pararchaster antarcticus. 


Sration 156. In the neighbourhood of the pack ice, near the Antarctic Circle. February 
26, 1874. Lat. 62° 26’ 0” S., long. 95° 44’ 0” BK. Depth 1975 fathoms. 
Diatom ooze. Surface temperature 33°:0 Fahr. 
Lonchotaster forcipifer. Also at Station 157. 
Chitonaster cataphractus. 
Freyella fragilissima. Algo at Station 146. 


Station 157. South of Australia. March 3, 1874. Lat. 53° 55’ 0”S., long. 108° 35’ 
0” EK. Depth 1950 fathoms. Diatom ooze. Bottom temperature 32°71 
Fahr. ; surface temperature 37°°2 Fahr. 
Lonchotaster forcipifer. Also at Station 156. 
Hyphalaster planus. 
Hymenaster latebrosus. 


’ Sratron 158. South of Australia, 1099 miles south-west of Cape Otway. March 7, 1874. 
Lat. 50° 1’ 0” §., long. 123° 4’ 0” E. Depth 1800 fathoms. Globigerina 
ooze. Bottom temperature 33°°5 Fahr.; surface temperature 45°°0 Fahr. 

Hymenaster nobilis. 

Hymenaster formosus. 

ITymenaster sacculatus. 

Hymenaster cxlatus. 

Hymenaster crucifer. 


Sration 160. South of Australia. March 13, 1874. Lat. 42° 42’ 0” S., long. 134° 10’ 
0” E. Depth 2600 fathoms. Red clay. Bottom temperature 33°°9 Fahr.; 
surface temperature 55°°0 Fahr. 


Brisinga discincta. 
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Sration 161. Off the entrance to Port Philip. April 1, 1874. Lat. 38° 22’ 30”S,, 
long. 144° 86’ 80” E. Depth 33 fathoms. Sand. Surface temperature 63°°5 
Fahr. : 
Astropecten pectinatus. Also at Station 162; and off Port Jackson, 
Australia. 


Sration 162. Off East Moncceur Island, Bass Strait. April 2, 1874. Lat. 39° 10’ 30” 
S., long. 146°37'0"” E. Depth 38 to 40 fathoms. Sand and shells. Surface 
temperature 63°°2 Fahr. 

Astropecten pectinatus. Also at Station 161; and off Port Jackson, 
Australia. 

Nectria ocellifera. 

Stichaster polyplas. 

Asterias (Stolasterias) calamaria, Also off Port Jackson, Australia. 


Sration 164. Off the coast of Australia, east of Sydney. June 12,1874. Lat. 34° 8’ 
0” S., long. 152° 0’ 0” E. Depth 950 fathoms. Green mud. Bottom tem- 
perature 36°°5 Fahr.; surface temperature 69°°5 Fahr. 


Pontaster subtuberculatus. 

Plutonaster ambiguus. 

Psilaster acuminatus. Also at Station 167; and Simon’s Bay, Cape 
of Good Hope. 


Off Port Jackson, Australia. Depth 2 to 15 fathoms. 

Astropecten polyacanthus. Depth 4 to 15 fathoms. Also off Ad- 
miralty Islands; Hong Kong; Yokohama, Japan; and 
at Station 233. 

Astropecten pectinatus. Depth 6 to 15 fathoms. Also at Stations 
161 and 162. 

Anthenea acuta. Depth 6 to 15 fathoms. 

Asterina exigua. Depth 6 fathoms. Also at Simon’s Bay, Cape of 
Good Hope; Sea Point, near Cape Town; and off Sam- 
boangan, Philippine Islands. 

Asterina gunnit. Depth 7 fathoms. 

Asterias (Stolasterias) calamaria. Also at Station 162. 


Sydney Harbour. 


Pentagonaster astrologorum. 
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Sration 166. Off the west coast of New Zealand. June 23, 1874. Lat. 38° 50’0”S., 
long. 169° 20’ 0” E. Depth 275 fathoms. Globigerina ooze. Bottom tem- 
perature 50°°8 Fahr; surface temperature 58°°5 Fahr. 


Cribrella compacta. 


Sration 167. North-west of Port Hardy, New Zealand. June 24, 1874. Lat. 39° 
32’ 0” S., long. 171° 48’0” E. Depth 150 fathoms. Blue mud. Surface 
temperature 58°°5 Fahr. 


Psilaster acuminatus. Also at Station 164; and Simon’s Bay, Cape 
of Good Hope. 


Sration 1674. Queen Charlotte Sound, New Zealand. June 27,1874. Lat. 41° 4’0”S., 
long. 174° 190” E. Depth 10 fathoms. Mud. Surface temperature 51°°5 
Fahr. 


Asterina regulars. 


Station 170. North of the Kermadec Islands. July 14, 1874. Lat. 29° 55’ 0” S., long. 
178° 1470” W. Depth 520 fathoms. Volcanic mud. Bottom temperature 
43°:0 Fahr. ; surface temperature 65°:0. Fahr. 


Solaster torulatus. 
Cribrella sufflata. 


Sration 171. North-east of the Kermadec Islands. July 15,1874. Lat. 28° 33’ 0”S., 
long. 177° 50’ 0” W. Depth 600 fathoms. Hard ground. Bottom tem- 
perature 39°°5 Fahr. ; surface temperature 66°°5 Fahr. 


Freyella polycnema. 


Off Tongatabu, Friendly Islands. Conditions not recorded. 
Linckia pacifica, var. diplax, Also off Kandavu, Fiji Islands. 


Off Kandavu, Fiji Islands. On the reefs. August 1874. 
Archaster typicus. Also off Samboangan and off Zebu, Philippine 
Islands ; and at Station 200. 
Choriaster granulatus, Also off Samboangan, Philippine Islands. 
Gymnasteria carinifera. 
Fromia milleporella. 
Ophidiaster cylindricus. 
Leiaster speciosus. 


Linckia miliaris, Also off Zebu, Philippine Islands. 
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Linckia pacifica, var. diplax, Also off Tongatabu. 
Acanthaster echinites. Also off Zebu, Philippine Islands. 
Mithrodia clavigera. 

Asterias (Stolasterias) gemmifera. 


Sration 181. In the Coral Sea, south-east of New Guinea. August 25, 1874. Lat. 
13° 50’0”S., long, 151° 490” E. Depth 2440 fathoms. Redclay. Bottom 
temperature 35°°8 Fahr.; surface temperature 80°-0 Fahr. 


Freyella remex. 


Sration 184. Off Torres Strait, Pacific side. August 29, 1874. Lat. 12° 8’ 0” S., 
long. 145° 100” EK. Depth 1400 fathoms. Globigerina ooze. Bottom tem- 
perature 36°°0 Fahr.; surface temperature 77°°5 Fahr. 


Freyella dimorpha. 


Sration 186. In Torres Strait, off Cape York. September 8, 1874. Lat. 10° 30’ 0” 
S., long. 142° 180” E. Depth 8 fathoms. Coral mud. Surface tempera- 
ture 77°°2 Fahr. 

Astropecten zebra. 

Stellaster incei. Also at Stations 187, 188, and 208. 
Nepanthia brevis. 

Ophidiaster tuberifer. 

Metrodira subulata. 


Station 187. In Torres Strait. September 9, 1874. Lat. 10° 36’ 0” S&., long, 141° 
55’ 0” E. Depth 6 fathoms. Coral mud. Surface temperature 77°°7 Fahr. 
Astropecten zebra, var. rosea. 
Inidia forficifera. Also at Station 188. 
Stellaster incei. Also at Stations 186, 188, and 208. 
Stellaster princeps. 
Anthenea tuberculosa. 
Pentaceros turritus. Also off Samboangan and off Zebu, Philippine 
Islands; and at Stations 188 and 212. 
Pentaceros callimorphus. 
Ophidiaster helicostichus. 
Retaster insignis. Also at Station 189. 
Torres Strait. Exact position and conditions not recorded. 


Anthenea tuberculosa, juv. 
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Sration 188. In the Arafura Sea, between Cape York and Frederick Henry Island, 
September 10,1874. Lat. 9° 59’ 0” S., long. 139° 42’ 0” E. Depth 28 
fathoms. Green mud. Surface temperature 78°°5 Fahr. 


Astropecten granulatus. 

Inidia forficifera. Also at Station 187. 

Nymphaster symbolicus. Also at Station 204. 

Stellaster incet. Also at Stations 186, 187, and 208. 

Pentaceros turritus. Also off Samboangan and off Zebu, Philippine 
Islands; and at Stations 187 and 212. 

Nepanthia maculata, 


Rhipidaster vannipes. 


Station 189. In the Arafura Sea. September 11, 1874. Lat. 9° 36’ 0” S., long, 
137° 50’ 0” E. Depth 25 fathoms. Green mud. Surface temperature 79°°0 
Fahr. 


Retaster insignis. Also at Station 187. 


Station 191. In the Arafura Sea, north-west of the Arrou Islands. September 23, 
1874. Lat. 5° 41’ 0” S., long. 134° 4’ 30” E. Depth 800 fathoms. Green 
mud. Bottom temperature 39°°5 Fahr.; surface temperature 82°:2 Fahr. 

Pontaster mimicus. 

Dytaster xquivocus. 

Porcellanaster caulifer. 

Porania spiculata. Also at Stations 150 and 151. 
Cnemidaster wyvillii. 

Asterias vesiculosa. 

Labidiaster annulatus. Also at Stations 149H, 150, and 151. 


Sration 192. In the Banda Sea, between the Ki Islands and Banda Islands. Sep- 
tember 26,1874. Lat. 5° 49’ 15” &, long. 182° 14’ 15” E. Depth 140 
fathoms. Blue mud. Surface temperature 82°°0 Fahr. 


Pontaster teres. 
Astropecten acanthifer. 
Nymphaster symbolicus, var. breviradiata. 
Paragonaster ctenipes, 
Pholidaster distinctus. 
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Off Amboina. Depth 15 to 100 fathoms. 
Astropecten velitaris. Also at the Admiralty Islands. 


Sration 198. In the Celebes Sea, between Celebes and Mindanao. October 20, 1874. 
Lat. 2° 55’ 0” N., long. 124° 58’ 0” E. Depth 2150 fathoms. Blue mud. 
Bottom temperature 38°°9 Fahr. ; surface temperature 85°-0 Fahr. 
Dytaster inermis. 
Freyella echinata. Also at Stations 205 and 216. 


Sration 200. East of Samboangan, Philippine Islands. October 23, 1874. Lat. 6° 
47’ 0” N., long. 122° 28’ 0” K. Depth 250 fathoms. Green mud. Sur 
face temperature 85°°5 Fahr. 


Archaster typicus. Also off Samboangan, Philippine Islands; Zebu, 
Philippine Islands, on the reefs; and Kandavu, Fiji 
Islands, on the reefs. 


Off Samboangan, Philippine Islands. Depth 10 fathoms. 


Archaster typicus. Also at Station 200 ; off Zebu, Philippine Islands ; 
and Kandavu, Fiji Islands. 

Inidia aspera. Also at Stations 2044 and 219. 

Pentaceros turritus. Also off Zebu, Philippine Islands; and at 
Stations 187, 188, and 212. 

Pentaceros productus, var. tuberata. Also at Station 212. 

Asterodiscus elegans. 

Choriaster granulatus. Also off Kandavu, Fiji Islands. 

Asterina exigua. Also at Simon’s Bay, Cape of Good Hope; Sea 
Point, near Cape Town ; and Port Jackson, Australia. 

Asterina cepheus. On the reefs. 

Nardoa tuberculata. Also off Zebu, Philippine Islands. 


Sravion 203. East of Panay Island, Philippine group. October 31, 1874. Lat. 11° 


6’ 0” N., long. 123° 90” E. Depth 20 fathoms. Mud. Surface temperature 
85°°0 Fahr. 


Craspidaster hesperus, Also off Hong Kong. 
Astropecten monacanthus, 
LInidia longispina. 
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Sration 2044. Off Tablas Island, Philippine group. November 2, 1874. Lat. 12° 
43’ 0” N., long. 122° 9’ 0” E. Depth 100 fathoms. Green mud. Surface 
temperature 84°°0 Fahr. 

Astropecten imbellis. 

Luidia aspera. Also off Samboangan, Philippine Islands; and at 
Station 219. 

Nymphaster symbolicus. Also at Station 188. 

Leptogonaster cristatus. 

Pholidaster squamatus. 


Sratron 205. Westof the Island of Luzon, Philippine group. November 13,1874. Lat. 
16° 42’ 0” N., long. 119° 220” E. Depth 1050 fathoms. Blue mud. Bottom 
temperature 37°°0 Fahr. ; surface temperature 82°:0 Fahr. 


Pontaster trullipes. 
Freyella echinata. Also at Stations 198 and 216. 


Off Hong Kong. Depth 10 fathoms. 
Craspidaster hesperus. Also at Station 203. 
Astropecten polyacanthus. Beach. Also off Port Jackson, Australia ; 
Admiralty Islands; Yokohama, Japan; and at Station 


238. 


Station 208. Off the east point of Panay Island, Philippine group. January 17, 
1875. Lat. 11° 37’ 0” N., long. 123° 31’0” E. Depth 18 fathoms. Blue 
mud. Surface temperature 81°:0 Fahr. 


Stellaster vncet. Also at Stations 186, 187, and 188. 


Off Zebu, Philippine Islands. On the reefs. 


Archaster typicus. Also off Samboangan, Philippine Islands ; Kan- 
davu, Fiji Islands; and at Station 200. 

Pentaceros turritus. Also off Samboangan, Philippine Islands; and 
at Stations 187, 188, and 212. 

Pentaceropsis obtusatus. 

Culcita nove-guinex. Also at Station 212. 

Linckia miliaris. Also off Kandavu, Fiji Islands. 

Nardoa tuberculata. Also off Samboangan, Philippine Islands. 

Acanthaster echinites. Also off Kandavu, Fiji Islands. 

Asterias (Stolasterias) volsellata. Near Zebu. Depth 95 fathoms. 
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Station 212. Off Malanipa Island, Philippine group. January 30, 1875. Lat. 6° 
54’ 0” N., long. 122° 18’ 0” E. Depth 10 fathoms. Sand. Surface tempe- 
rature 83°:0 Fahr. 


Pentaceros turritus. Also off Samboangan and off Zebu, Philippine 
Islands; and at Stations 187 and 188. 

Pentaceros productus, var. tuberata. Also off Samboangan, Philip- 
pine Islands. 

Culcita nove-guinex. Also off Zebu, Philippine Islands. 


Sration 216. Midway between the Pelew Islands and New Guinea. February 16, 1875. 
Lat. 2° 46’ 0” N., long. 183° 58’ 0” E. Depth 1675 fathoms. Globi- 
gerina ooze. Bottom temperature 35°°4 Fahr.; surface temperature 82°'8 


Fahr. 
Freyella echinata. Also at Stations 198 and 205, 


Sration 218. Off the north coast of New Guinea, south-west of the Admiralty 
Islands. March 1,1875. Lat. 2° 33’ 0”S., long. 144° 4’0” E. Depth 1070 
fathoms. Bluemud. Bottom temperature 36°°4 Fahr. ; surface temperature 
84°°0 Fahr. 


Zoroaster tenuis. 
Hymenaster pullatus. 
Benthaster penicillatus. 


Off Admiralty Islands. Depth 16 to 25 fathoms. 


Astropecten polyacanthus. Also off Port Jackson, Australia; Hong 
Kong; Yokohama, Japan ; and at Station 233, 

Astropecten velitaris. Also off Amboina. 

Echinaster eridanella. 


Sration 219. Off D’Entrecasteaux Reef, north of the Admiralty Islands. March 10, 
1875. Lat. 1° 54’ 0” S., long. 146° 39’ 40” E. Depth 150 fathoms. Coral 
mud. Surface temperature 84°:0 Fahr. 


Luidia aspera. Also at Station 204A, and off Samboangan, Philip- 
pine Islands. 

Nymphaster bipunctus. 

Palmipes diaphanus. 

Tarsaster stoichodes. 
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Srarion 224. In the neighbourhood of the Caroline Islands, 100 miles north of the 
Admiralty Islands. March 21, 1875. Lat. 7° 45’ 0” N., long. 144° 20’ 0” E. 
Depth 1850 fathoms. Globigerina ooze. Bottom temperature 35°'4 Fahr. ; 
surface temperature 81°°2 Fahr. . 


Styracaster armatus. 


SraTion 226. West of the Mariana or Ladrone Islands. March 25, 1875. Lat. 14° 
44’ 0” N., long. 142° 13’ 0” E. Depth 2300 fathoms. Radiolarian ooze. 
Bottom temperature 35°'5 Fahr. ; surface temperature 79°-0 Fahr. 


Freyella attenuata. 


Off Yokohama, Japan. Depth 5 to 25 fathoms. 


Astropecten polyacanthus. Also off Port Jackson, Australia; Hong 
Kong; Admiralty Islands; and at Station 233. 

Astropecten japonicus. Also at Stations 233, 233, and 2338. 

LInidia limbata. 

Asterina pectinifera. 

Asterias torquata. 

Asterias amurensis. 


Station 232. South of Yeddo, Japan. May 12, 1875. Lat. 35° 11’ 0” N., long. 139° 
28’ 0” E. Depth 345 fathoms. Green mud. Bottom temperature 41°:1 
Fahr. ; surface temperature 64°°2 Fahr. 


Pontaster oxyacanthus. 
Astropecten brevispinus. 
Pentagonaster japonicus. 
Pentagonaster arcuatus. 

Solaster paxillatus, 

Asterias (Stolasterias) stichantha. 


Station 233. Off Kobé, Japan. May 17,1875. Lat. 34° 39’ 0” N., long, 135° 14’ 0” E. 
Depth 8 to 50 fathoms. Mud. Surface temperature 62°°3 Fahr. 


Astropecten polyacanthus. Also off Port Jackson, Australia; Hong 
Kong; Admiralty Islands; and Yokohama, Japan. 

Astropecten japonicus. Depth 8 fathoms. Also at Stations 233a, 
2338; and off Yokohama, Japan. 

Asterina penicillaris, 

Asterias versicolor. Also at Station 233. 
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Sration 2334. North of Awadji Sima. May 19, 1875. Lat. 34° 38’ 0” N., long. 135° 
1’ 0” E. Depth 50 fathoms. Sand. Surface temperature 62°°6 Fahr. 
Astropecten japonicus. Also at Stations 233, 2338; and off Yoko- 
hama, Japan. 
Asterias versicolor. Also at Station 233. 


StaTIon 2338. In the Bingo Nada. May 26, 1875. Lat. 34° 18’ 0” N., long. 133° 
35/0” E. Depth 15 fathoms. Blue mud. Surface temperature 66°°3 Fahr. 
Astropecten japonicus. Also at Stations 233, 2334; and off Yoko- 
hama, Japan. 


Station 235. Off Japan, south of Omae saki. June 4, 1875. Lat. 34° 7’ 0” N., 
long. 138° 0’ 0” E. Depth 565 fathoms. Green mud. Bottom temperature 
38°:1 Fahr.; surface temperature 73°:0 Fahr. 

Pararchaster senisquamatus. Also at Station 237. 
Hymenaster glaucus. 


STATION 237. Off the coast of Japan, south of Kawatsu. June 17, 1875. Lat. 34° 37’ 
0” N., long. 140° 32’ 0” E. Depth 1875 fathoms. Blue mud. Bottom 
temperature 35°°3 Fahr. ; surface temperature 73°-0 Fahr. 

Pararchaster senisquamatus. Also at Station 235. 
Porcellanaster tuberosus. 

Hyphalaster inermis. 

Psilaster gracilis. 

Brisinga armillata. 


Freyella pennata. 


Sration 244. In the Mid-North Pacific, between Yeddo and San Francisco, near the 
meridian of 170° E. June 28,1875. Lat. 35° 22’ 0” N., long. 169° 53’ 0” E. 
Depth 2900 fathoms. Red clay. Bottom temperature 35°°3 Fahr. ; surface 
temperature 70°°5 Fahr. 
Hymenaster infernalis. 
Benthaster wyville-thomsona. 
Freyella heroina. 


Station 246. In the Mid-North Pacific, between Yeddo and San Francisco, near the 
meridian of 180°. July 2, 1875. Lat. 36° 10’ 0” N., long. 178° 0’ 0” E. 
Depth 2050 fathoms. Globigerina ooze. Bottom temperature 35°°1 Fabr. ; 
surface temperature 73°-0 Fahr. 


Dytaster spinosus. 
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Sration 274. In the Mid-Pacific, due north of the Society Islands and due west of the 
Marquesas Islands. September 11, 1875. Lat. 7° 25’ 0”S., long. 152° iat 
0” W. Depth 2750 fathoms. Radiolarian ooze. Bottom temperature 35°‘1 
Fahr. ; surface temperature 80°°2 Fahr. 


Hyphalaster hyalinus. 


Sration 286. In the Mid-South Pacific, near the meridian of 135° W., approximately 
midway between Sydney and Valparaiso. October 16, 1875. Lat. 33° 29’ 
0” S, long. 133° 22’ 0” W. Depth 2335 fathoms. Red clay. Bottom 
temperature 34°°8 Fahr. ; surface temperature 63°°0 Fahr. 


Porcellanaster crassus. 
Marsipaster spinosissimus. 
Hymenaster echinulatus. 
Hymenaster geometricus. 


Sration 289. In the Mid-South Pacific, near the meridian of 130° W. October 23, 1875. 
Lat. 39° 41’ 0” S., long. 131° 2370” W. Depth 2550 fathoms. Red clay. 
Bottom temperature 34°°8 Fahr. ; surface temperature 54°°5 Fahr. 


Freyella benthophila. 


Station 295. Off the western coast of South America. November 5, 1875. Lat. 
38° 7’ 0” S., long. 94° 4’ 0” W. Depth 1500 fathoms. Globigerina ooze. 
Bottom temperature 35°°3 Fahr. ; surface temperature 58°°5 Fahr, 


Hymenaster carnosus. 


Station 298, Off the western coast of South America, between Valparaiso and the 
Island of Juan Fernandez. November 17, 1875. Lat. 34° 7’ 0” S., long. 
73° 56’ 0” W. Depth 2225 fathoms. Blue mud. Bottom temperature 
35°°6 Fahr. ; surface temperature 59°:0 Fahr. 


Porcellanaster gracilis. 


Off Valparaiso. November, 1875. Shallow water. 


Stichaster aurantiacus. On the shore. 
FHeliaster helianthus. Shallow water. 


672 THE VOYAGE OF H.M.S. CHALLENGER. 


Station 299, Off the western coast of South America, between Valparaiso and the 
Island of Juan Fernandez. December 14, 1875. Lat. 33° 31’ 0” S,, long. 
74° 43'0” W. Depth 2160 fathoms. Blue mud. Bottom temperature 35°2 
Fahr. ; surface temperature 62°:0 Fahr. 

IHyphalaster diadematus. 
Marsipaster hirsutus. 


Sration 300. Off the coast of South America, between the Island of Juan Fernandez 
and Valparaiso. December 17, 1875. Lat. 33° 42’ 0” S., long. 78° 18’ 0” W. 
Depth 1375 fathoms. Globigerina ooze. Bottom temperature 35°'5 Fahr. ; 
surface temperature 62°°5 Fahr. 
Dytaster exilis. 
Hymenaster vicarius. 
Hymenaster porosissimus. 


Sration 303. Off the western coast of South America, off the Chonos Archipelago. 
December 30, 1875. Lat. 45° 31’ 0” &., long. 78° 9’ 0” W. Depth 1325 
fathoms. Blue mud. Bottom temperature 36°°0 Fabr.; surface temperature 
54°°8 Fahr. 

Ctenodiscus procurator. Also at Stations 306, 307, 309, and 311. 
Mimaster cognatus. Also at Station 311. 
Lophaster stellans. Also at Stations 308 and 309. 


Station 304. South of Port Otway, Gulf of Pefias. December 31, 1875. Lat. 46° 
53’ 15” 8., long. 75° 12’ 0” W. Depth 45 fathoms. Green sand. Surface 
temperature 57°°2 Fahr. 

Porania magellanica. 
Peribolaster folliculatus. 
Asterias (Cosmasterias) tomidata. 


Sration 306. In the Messier Channel, between Wellington Island and the west coast of 
Chili, January 2, 1876. Lat. 48° 17’ 0” S., long. 74° 33’0” W. Depth 
565 fathoms. Blue mud. Surface temperature 57°:0 Fahr. 


Ctenodiscus procurator. Also at Stations 303, 307, 309, and 311. 


Sravion 3064. In the Messier Channel, between Wellington Island and the west coast of 
Chili. January 2, 1876. Lat. 48° 27’ 0” S., long. 74° 30’ 0” W. Depth 
345 fathoms. Blue mud. Bottom temperature 46°-0 Fahr. ; surface tempera- 
ture 57°°5 Fahr. 


Asterias (Cosmasterias) suleifera. 
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Sration 307. In the Messier Channel, between the western coast of Chili and Wel- 
lington Island. January 4, 1876. Lat. 49° 24’ 30” S., long. 74° 23’ 30” W. 
Depth 140 fathoms. Blue mud. Surface temperature 53°:0 Fahr. 


Pseudarchaster discus. 
Ctenodiscus procurator. Also at Stations 303, 306, 309, and 311. 


In the Messier Channel, between Wellington Island and the west coast of Chili. January, 
1876. Exact position, depth, and conditions not recorded. 


Calvasterias stolidota. Also at Station 315. 


Station 308. South of Wellington Island, west coast of Patagonia, January 5, 1876. 
Lat. 50° 8’ 30” S., long. 74° 41’ 0” W. Depth 175 fathoms. Blue mud. 
Surface temperature 51°°7 Fahr. 


Solaster reqularis. 
Lophaster stellans. Also at Stations 303 and 309. 


Sration 309. Off Puerto Bueno. January 8, 1876. Lat. 50° 56’ 0” S., long. 74° 
15’ 0” W. Depth 40 fathoms. Blue mud. Bottom temperature 47°:0 
Fahr. ; surface temperature 50°°5 Fahr. 


Ctenodiscus procurator. Also at Stations 303, 306, 307, and 311. 
Lophaster stellans. Also at Stations 303 and 308. 


Srarion 311. Off the western coast of South America, near the entrance to the Strait of 
Magellan, opposite Port Churruca. January 11, 1876. Lat. 52° 45’ 30”S., 
long. 73° 46’ 0” W. Depth 245 fathoms. Blue mud. Bottom temperature 
46°:0 Fahr. ; surface temperature 50°°0 Fahr. 


Pontaster planeta. 

Ctenodiscus procurator. Also at Stations 303, 306, 307, and 
309. 

Bathybiaster loripes. 

Pentagonaster patagonicus. Also at Station 313. 

Mimaster cognatus. Also at Station 303. 

Stichaster polygrammus. 

Pteraster stellifer. 

Retaster gibber, 

Cribrella obesa. Also at Station 315. 
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Sration 313. Near the Atlantic entrance to the Strait of Magellan. January 20, 1876. 
Lat. 52° 20’ 0” S., long. 67° 39’ 0” W. Depth 55 fathoms. Sand. Bottom 
temperature 47°°8 Fahr.; surface temperature 48°°2 Fahy. 

Ctenodiscus australis. Also at Station 320. 

Pentagonaster patagonicus. Also at Station 311. 

Gnathaster pilulatus. 

Cycethra witida. 

Cycethra pinguis. 

Ganeria falklandica. 

Retaster verrucosus. 

Asterias glomerata, Also at Station 315. 

Asterias cunningham. Also at Station 315. 


Labidiaster radiosus. 


Sratron 315. Port William, Falkland Islands. January 26, 1876. Lat. 51° 40’ 0”S8,, 
long. 57° 500” W. Depth 12 fathoms. Sand, gravel. Surface tempera- 
ture 50°:0 Fahr. 

Cycethra electilis. 

Cribrella obesa. Also at Station 311. 

Asterias glomerata. Also at Station 313. 

Asterias cunningham. Also at Station 313. 
Calvasterias stolidota. Also in the Messier Channel. 


Station 320. South of Monte Video, off the mouth of the Rio de la Plata. February 14, 
1876. Lat. 87° 17’ 0” S., long. 53° 52’ 0” W. Depth 600 fathoms. Green 
sand. Bottom temperature 37°°2 Fahr. ; surface temperature 67°'5 Fahr. 


Ctenodiscus australis. Also at Station 313. 


SraTion 323. Off the coast of South America, east of Buenos Ayres. February 28, 1876. 
Lat. 35° 39’ 0” S., long. 50° 470” W. Depth 1900 fathoms. Blue mud. 
Bottom temperature 33°°1 Fahr. ; surface temperature 73°°5 Fahr. 


Pythonaster murray. 


Srarion 325. Off the coast of South America, east of Buenos Ayres. March 2, 1876. 
Lat. 36° 44’ 0” §., long. 46° 160” W. Depth 2650 fathoms. Blue mud. 
Bottom temperature 32°°7 Fahr.; surface temperature 70°°8 Fahr. 
Pontaster pristinus. 
Diytaster nobilis. 
Hymenaster pergamentaceus. 
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Sration 335. North of the Island of Tristan da Cunha. March 16, 1876. Lat. 
32° 24’ 0” §., long. 18° 5’ 0” W. Depth 1425 fathoms. Pteropod ooze. 
Bottom temperature 37°:0 Fahr. ; surface temperature 73°°5 Fahr. 


ITymenaster anomalus. 


Station 343. Off the Island of Ascension. March 27,1876. Lat. 8° 3’ 0” S., long. 14° 
27’ 0” W. Depth 425 fathoms. Volcanic sand. Bottom temperature 40°'3 
Fahr.; surface temperature 80°8 Fahr, 
Pararchaster spinosissimus. 
Plutonaster marginatus. 


Sration 346. Between the Guinea coast of Africa and the Island of Ascension. April 
6, 1876. Lat. 2° 42’ 0” S., long 14° 41’ 0” W. Depth 2350 fathoms. 
Globigerina ooze. Bottom temperature 34°:0 Fahr.; surface temperature 
82°°7 Fahr. 

Styracaster horridus. 
Freyella tuberculata, Also at Station 89. 


II. “ Porcupine” EXPEDITIONS. 
i. 1869 Cruise. 
Sration 8 (1869). Off the west coast of Ireland. Lat. 53° 15’ N., long. 11° 51’ W. Depth 
106 fathoms. Bottom temperature 10°°7 C.; surface temperature 12°°3 C. 


Porania pulvillus. 


Station 18 (1869). Off the west coast of Ireland, north-west of Achill Head. Lat. 
54° 15’ N., long. 11° 9’ W. Depth 183 fathoms. Bottom temperature 
9°°7 C.; surface temperature 11°°8 C. 


Astropecten irreqularis. Also at Stations 46, 67, and 68. 


Srarion 19 (1869). West of Donegal Bay. Lat. 54° 53’ N., long. 10° 56’ W. Depth 
1360 fathoms. Bottom temperature 3°°0 C.; surface temperature 12°°6 C. 


Plutonaster bifrons. Also at Stations 57 and 58. 


Sration 23 (1869). South of Rockall Bank. Lat. 56° 7’ N., long. 14°19’ W. Depth 
630 fathoms. Bottom temperature 6°'4 C.; surface temperature 14°°0 C. 


Brisinga coronata. Also at Station 45; and in 1870 at Station 13. 


676 THE VOYAGE OF H.M.S. CHALLENGER. 


Sration 31 (1869). Between the north of Ireland and Rockall. Lat. 56° 15’ N., long. 
11° 25’ W. Depth 1360 fathoms. Bottom temperature 2°°9 C.; surface 
temperature 13°°8 C. 

Plutonaster (Tethyaster) parelit. 
Marginaster fimbriatus. 


SraTion 45 (1869). South-west of Cape Clear. Lat. 51° 1’ N., long. 11° 21’ W. Depth 
458 fathoms. Bottom temperature 8°'9 C.; surface temperature 15°°9 C. 
Brisinga endecacnemos.° Also at Station 74, and off Valentia; and 
in 1870 at Stations 4, 6, 14, and 17. 
Brisinga coronata, Also at Station 23; and in 1870 at Station 13. 


Station 46 (1869). Between Scotland and the Faerée banks. Lat. 59° 23’ N., long. 7° 
4’ W. Depth 374 fathoms. Bottom temperature 7°:7 C.; surface tempera- 
ture 12°°1 C. 
Astropecten wrreqularis. Also at Stations 18, 67, and 68. 
Inidia sarsi. Also at Stations 67 and 68. 


SraTion 47. (1869). In the Faerée Channel. Lat. 59° 34’ N., long. 7°18’ W. Depth 
542 fathoms. Bottom temperature 6°°5 C. ; surface temperature 12°°2 C. 


Lasiaster villosus. 


Station 51 (1869). In the Faerde Channel. Lat. 60° 6’ N., long. 8° 14’ W. Depth 
440 fathoms. Bottom temperature 5°°5 C.; surface temperature 10°°9 C. 
Pontaster imbatus. Also off Valentia; and in 1870 at Station 2. 
Pentagonaster granularis. 
Cribrella oculata. Also at Stations 52, 54, 62, 65, 74, and 90. 
Odinia pandina. 


Station 52 (1869). In the Faerée Channel. Lat. 60° 25’ N., long. 8° 10’ W.. Depth 384 
fathoms. Bottom temperature —0°°8 C.; surface temperature 11°2 C. 
Crossaster papposus. Also at Stations 57 and 64. 
Lophaster furcifer. Also at Station 55. 
Cribrella oculata. Also at Stations 51, 54, 62, 65, 74, and 90. 


Sravion 54 (1869). In the Faere Channel. Lat. 59° 56’ N., long. 6° 27’ W. Depth 363 
fathoms. Bottom temperature —0°'3 C.; surface temperature 11°°4 C, 


Pontaster tenuispinus, var. platynota. Also off Valentia. 
Cribrella oculata. Also at Stations 51, 52, 62, 65, 74, and 90. 
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SratTion 55 (1869). In the Faerée Channel. Lat. 60° 4’ N., long. 6° 19’ W. Depth 605 
fathoms. Bottom temperature —1°-2 C.; surface temperature 11°4 C. 


Lophaster furcifer. Also at Station 52. 


Station 57 (1869). In the Faerée Channel. Lat. 60° 14’ N., long. 6° 17’ W. Depth 
632 fathoms. Bottom temperature —0°-8 C.; surface temperature 11°1 OC, 
Plutonaster bifrons. Also at Stations 19 and 58. 
Ctenodiscus corniculatus. Also at Stations 58 and 82. 
Crossaster papposus. Also at Stations 52 and 64, 
Korethraster hispidus. 


Station 58 (1869). In the Faerée Channel. Lat. 60° 21’ N., lone, 6 517 W. Depth 
540 fathoms. Bottom temperature —0°°6 C.; surface temperature 10°°6 C, 


Plutonaster bifrons. Also at Stations 19 and 57. 
Ctenodiscus corniculatus, Also at Stations 57 and 82. 


Station 59 (1869). In the Faerée Channel. Lat. 60° 21’ N., long. 5° 41’ W. 
Depth 580 fathoms. Bottom temperature —1°°3 C.; surface temperature 
Teo C: 


Hymenaster pellucidus. 


Station 62 (1869). In the Faerée Channel. Lat. 61° 59’ N., long. 4° 38’ W. Depth 
125 fathoms. Bottom temperature 7°:0 C.; surface temperature 9°°8 C. 


Cribrella oculata. Also at Stations 51, 52, 54, 65, 74, and 90. 


Sration 64 (1869). Between the Faerée and Shetland Islands. Lat. 61° 21’ N., long, 
3° 44’ W. Depth 640 fathoms. Bottom temperature —1°1 C.; surface 
temperature 9°°3 C, 


Crossaster papposus. Also at Stations 52 and 57. 


Sration 65 (1869). In the Faerse Channel. Lat. 61° 10’ N., long. 2° 21’ W. Depth 
345 fathoms. Bottom temperature —1°'1 C.; surface temperature 11°*1 C. 


Pontaster tenwispinus. Also at Stations 76 and 90. 
Leptoptychaster arcticus. Also at Station 82 ; and in 1870 at Station 3. 
Cribrella oculata. Also at Stations 51, 52, 54, 62, 74, and 90, 
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Sration 67 (1869). East of the Shetland Islands. Lat. 60° 32’ N., long. 0° 29’ W. 
Depth 64 fathoms. Bottom temperature 9°°5 C.; surface temperature 11°°0 C. 
Astropecten irregularis. Also at Stations 18, 46, and 68. 
Inidia sarsii. Also at Stations 46 and 68. 
Asterias (Leptasterias) miilleri. Also at Stations 68 and 82. 


Station 68 (1869). Hast of the Shetland Islands. Lat. 60° 23’ N.,long. 0° 33’ E. Depth 
75 fathoms. Bottom temperature 6°°7 C.; surface temperature 11°-4 C. 
Astropecten irregularis. Also at Stations 18, 46, and 67. 
Inidia sarsii. Also at Stations 46 and 67. 
Asterias (Leptasterias) miilleri. Also at Stations 67 and 82. 


Station 74 (1869). Hast of the Shetland Islands. Lat. 60° 39’ N., long. 3°9’ W. Depth 
203 fathoms. Bottom temperature 8°:7 C. ; surface temperature 11°-4 C. 
Cribrella oculata. Also at Stations 51, 52, 54, 62, 65, and 90. 
Brisinga endecacnemos. Also at Station 45, and off Valentia; and 
in 1870 at Stations 4, 6, 14, and 17. 


Station 76 (1869). In the Faerée Channel. Lat. 60° 36’ N., long. 3° 58’ W. Depth 
344 fathoms. Bottom temperature —1°-1 C.; surface temperature 10°:1 C. 
Pontaster tenwispinus. Also at Stations 65 and 90. 


Psilaster andromeda. Also in 1870 at Station 3. 
Bathybiaster vexillifer. 


Sration 82 (1869). In the Faerée Channel. Lat. 60° 0’ N., long. 5° 13’ W. Depth 
312 fathoms. Bottom temperature 5°:2 C. ; surface temperature 11°-2 C. 
Ctenodiscus corniculatus. Also at Stations 57 and 58. 
Leptoptychaster arcticus. Also at Station 65 ; and in 1870 at Station 3. 
Asterias (Leptasterias) miilleri. Also at Stations 67 and 68. 


Station 87 (1869). North-west of the Hebrides. Lat. 59° 35’ N., long. 9°11’ W. Depth 
767 fathoms. Bottom temperature 5°:2 C.; surface temperature 11°°4 C. 
Zoroaster fulgens. 


Sration 90 (1869). In the Faerée Channel. Lat. 59° 41’ N., long. 7° 34’ W. Depth 
458 fathoms. Bottom temperature 7°°3 C. ; surface temperature 11°°7 C. 
Pontaster tenuispinus. Also at Stations 65 and 76. 
Cribrella oculata. Also at Stations 5, 52 54, 62, 65, and 74. 
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The Minch (1869). Exact locality and conditions not recorded. 


Palmipes membranaceus. 


Off Valentia. Depth 100 to 150 fathoms. 


Pontaster tenwispinus, var. platynota.. Also at Station 54. 

Pontaster limbatus. Also at Station 51; and in 1870 at Station 2. 

Brisinga endecacnemos. Depth and conditions not stated. Also 
at Stations 45 and 74; and in 1870 at Stations 4, 6, 14, 
and 17. 


Localities not recorded. Stated to be not found below the 100 fathom line. 


Hippasteria plana. 


il. 1870 Cruise. 


Station 2 (1870). South-west of the Scilly Islands. Lat. 48° 37’ N., long. 10° 9’ W. 
Depth 305 fathoms. Bottom temperature 14°°8 C.; surface temperature 
16°°2 C. 


Pontaster limbatus. Also in 1869 at Station 51, and off Valentia. 


Station 3 (1870). West of Ushant. Lat. 48° 31’ N., long. 10° 3’ W. Depth 690 
fathoms. 


Leptoptychaster arcticus. Also in 1869 at Stations 65 and 82. 
Psilaster andromeda, Also in 1869 at Station 76. 


Sration 4 (1870). West of Ushant. Lat. 48° 32’ N., long. 9°59’ W. Depth 717 fathoms, 
Bottom temperature 7°°5 C. ; surface temperature 16°°3 C. 


Brisinga endecacnemos. Also at Stations 6, 14, and 17; and in 
1869 at Stations 45, 74, and off Valentia. 


Sration 6 (1870). West of Ushant. Lat. 48° 26’ N., long. 9° 44’ W. Depth 358 
fathoms. Bottom temperature 10°) C.; surface temperature 16°'9 C. 


Brisinga endecacnemos. Also at Stations 4, 14, and 17; and in 
1869 at Stations 45, 74, and off Valentia. 


Sravion 13 (1870). Off the west coast of Spain. Lat. 40°16’ N., long. 9°37’ W. Depth 
220 fathoms. Bottom temperature 11°°0 C.; surface temperature 18°'1 C, 


Brisinga coronata. Also in 1869 at Stations 23 and 45. 
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Sratron 14 (1870). Off the west coast of Spain. Lat. 40° 6’ N., long. 9° 44’ W. Depth 
469 fathoms. Bottom temperature 10°:8 C. ; surface temperature 18°:4 C. 
Brisinga endecacnemos. Also at Stations 4, 6, and 17; and in 
1869 at Stations 45, 74, and off Valentia. 


Sration 17 (1870). Off the west coast of Spain. Lat. 39° 42’ N., long. 9° 43’ W. Depth 
1095 fathoms. Bottom temperature 4°°3 C.; surface temperature 19°:8 C. 
Brisinga endecacnemos. Also at Stations 4, 6,and 14; and in 1869 
at Stations 45, 74, and off Valentia. 


Station 36 (1870). In the Strait of Gibraltar, off the coast of Morocco. Lat. 


35° 35’ N., long. 6° 26’ W. Depth 128 fathoms. Bottom temperature 
12°°9 C.; surface temperature 23°°8 C. 


Inidia africana. 


No record of locality or depth. 
Porania pulvillus. Also in 1869 at Station 8. 
Chextaster longipes. 
Stichaster roseus. 


Ill. “Kyicat Errant” ExpeEpition. 


Station 2. In the Faerde Channel. July 29, 1880. Lat. 60° 29’.N., long. 8° 19’ W. 
Depth 375 fathoms. Mud. Bottom temperature 31°°0 Fahr.; surface tem- 
perature 53°°0 Fahr. 


Crossaster papposus, var. septentrionalis. 


Sration 38. Off the Island of North Rona. August 8 and 4, 1880. “Lat. 59° 12’ N., 
long. 5° 57’ W. Depth 53 fathoms. 
TInidia sarsit. 
Porania pulvillus. 
Crossaster papposus. 
Cribrella oculata. 
Asterias rubens. 
Asterias (Leptasterias) miillert. 


Station 4, In the Faerde Channel. August 10,1880. Lat. 59° 33’ N., long. 7° 14’ W. 


Depth 555 fathoms. .Mud. . Bottom temperature 45°°4 Fahr. ; surface tem- 
perature 57°°0 Fahr. 


Mimaster tizardi. 
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Station 7. In the Faerde Channel. August 12,1880. Lat. 59° 37’N., long. 7° 19’ W. 
Depth 530 fathoms. 


Psilaster andromeda. 


Station 8. In the Faerée Channel. August 17, 1880. Lat. 60° 3’ N., long. 5° 51’ W. 
Depth 540 fathoms. Ooze. Bottom temperature 29°°2 Fahr.; surface tem- 
perature 56°°5 Fahr. 


Pontaster tenuispinus, var. platynota. 
Plutonaster bifrons. 


IV. ‘‘Trrron” EXpepIrion. 


Station 1. In the Faerdée Channel. August 4, 1882. Lat. 59° 51’ 30” N., long. 6° 
21’ 0” W.. Depth 240 fathoms. Bottom temperature 47°°6 Fahr. 


Cribrella oculata. Also at Stations 10 and 11. 


Sration 2. In the Faerde Channel. August 5, 1882. Lat. 59° 37’ 30” N., long. 6° 
49’ 0” W. Depth 530 fathoms. Bottom temperature 46°-2 Fahr. 


Pteraster militaris. 


Sration 3. In the Faerde Channel. August 8, 1882. Lat. 60° 39’ 30” N., long. 9° 
6’ 0” W. Depth 87 fathoms. Bottom temperature 49°°5 Fahr. 
Inidia ciliaris. 
Hippasteria plana. 


Sration 5. In the Faerée Channel. August 10, 1882. Lat. 60° 11’ 0” to 60° 20’0” N., 
long. 8° 15’ 0” to 8° 8’ 0” W. Depth 433 to 285 fathoms. Bottom tem- 
perature 43°'5 to 40°°8 Fahr. 

Rhegaster murrayi. 
Asterias (Leptasterias) miiller. 


Station 9. In the Faerde Channel. August 23, 1882. Lat. 60° 5’ 0” N., lone. 6° 
21’0” W. Depth 608 fathoms. Bottom temperature 30°:0 Fahr. 


Pontaster tenuispinus, var. platynota. 


Pteraster militaris, var. prolata. 
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Sration 10. In the Faerée Channel. August 24, 1882. Lat. 59° 40’ 0” N., long. 7° 
210” W. Depth 516 fathoms. Bottom temperature 46°:0 Fahr. 
Plutonaster bifrons. Also at Station 11. 
Psilaster andromeda. Also at Station 11. 
Mimaster tizardi. Also at Station 11. 
Cribrella oculata, var. (see p. 543). Also at Stations 1 and 11. 


Station 11. In the Faerde Channel. August 28, 1882. Lat. 59° 29’ 0” N., long. 7° 
130” W. Depth 555 fathoms. Bottom temperature 45°°5 Fahr. 
Plutonaster bifrons. Also at Station 10. 
Psilaster andromeda. Also at Station 10. 
Mimaster tizardi. Also at Station 10. 
Zoroaster fulgens. Also at Station 13. 
Cribrella oculata, var. (see p. 543). Also at Stations 1 and 10. 


Station 13. In the Faerée Channel. August 31, 1882. Lat. 59° 51’ 2” N., long. 
8° 18’ 0” W. Depth 570 fathoms, Bottom temperature 45°:7 Fahr. 


Zoroaster fulgens. Also at Station 11. 


.V. ‘“ Licutninc” EXPEDITION. 
Station 6. In the Faerde Channel. Lat. 60° 45’ 0” N., long. 4° 490” W. Depth 510 
fathoms. Bottom temperature 0°°5 C. 


Pontaster tenuispinus. 


Station 7. In the Faerée Channel. September 3, 1868. Lat. 60° 7’ 0” N., long. 5° 
21’ 0” W. Depth 500 fathoms. Bottom temperature 1°1 C.; surface tem- 
perature 10°°5 C, 


Odinia pandina. 


Off Valentia, Depth and conditions not stated. 


Porana pulvillus. | 


Table of the Distribution of the Genera of Asteroidea collected by the Challenger in the great Oceanic Areas, 
showing the number of Species by which each is known to be represented, and the number of Species 
which are common to two or more Oceans. 


I. II. Il. Ve Vic VI. VIL Speci 
pecies common to 
North South Indian Southern | Eastern North South two or more 
Atlantic. | Atlantic, Ocean, Ocean. Archi- Pacific. Pacific. Oceanic Areas.} 
pelago. 
PHANEROZONIA. 
ARCHASTERIDA. 
PARARCHASTERIN A, LVI 
Pararchaster , , |2or(2) 3 1 ee i 2 1 ise { ee 
Pontaster . . .|6or(%)9 1 1 2 2 2 ae 
PLUTONASTERINE. LYILVII 
F (1.)(II.) VII. 
Dytaster . . . |3or(1) 4 2 2 1 1 a ae 
Plutonaster. . . |4or(2)5 1 dis ae 5h ee 1 sattoos 
—Tethyaster . . an a Boe. eli. See aCe ste BoB HOOOE 
Lonchotaster . . I bbs ae 1 506 aon ame selesiee 
PSEUDARCHASTERINZ. 
Pseudarchaster , i} 1 He ate ae iss i eres 
Aphroditaster . . 1 eee ihe ae 300 oe oes weanes 
ARCHASTERINA. | : IIL.V.VIL, 
; A 9 2 
Archaster . . .- 2 2 1 2 IILV.VLVIL. 
PORCELLANASTERIDA. 1 
PoORCELLANASTERINE. sie 
Porcellanaster. . |3or(?) 5 1 de Bae 1 1 2 seers 
Styracaster . . 2 1 oan 1 Jesate 
Hyphalaster . . 2 | 1 1 Te. («| ener seer 
Thoracaster . . 1 on we |e Bee ane Meee lL eeecue miles pu cnet 4 
CTrENODISCIN®. 
Ctenodiscus . . 1 1 : 1 ky Gleam cess 
ASTROPECTINIDE. 
ASTROPECTININE, | 
Craspidaster . . ‘ie nee ales Bsa 1 1 ee { Nees 
Leptoptychaster . 1 a Se 2 ve BUOHOG 
TD Tabs Vale Velie 
> : 2 1 
Astropecten a ne 18 6 9 sie 8 9 8 V.VLVIL, VLVIL. 
if 4 
| ILVIL. 
Psilaster . 3 1 ah 1 1 { Al 
Phoxaster . . 1 : se : ae il 
Bathybiaster . . 2 orga eee 1 Bs ie 1 { Sls 


1 The Oceans are indicated by Roman numerals corresponding to the numbers at the head of their columh; and‘ the Oceans in which a 
common species occurs are placed together in the position of the numerator of a fraction ; the number of species common to them is indicated by 


: LV. , 5 sya : 
an Arabic numeral in the position of the denominator. Thus a +— signifies that one species found in the Indian Ocean also occurs in the 


1 
IL.V. VIL. ; : ; 
Eastern Archipelago ; HVE AE would signify that two species occurring in the Indian Ocean are found in the Eastern Archipelago, and also 


extend into the South Pacific, When a species is represented by a variety, and not the identical form, the numeral indicating the Ocean in which 


the variety occurs is placed in brackets ; thus e ) indicates that a species found in the North Atlantic is represented by a variety of that 


species in the Southern Ocean, 
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Te 10 Til. IV. Vv. VI. VIL. 
North South Indian Southern Eastern North South 
Atlantic. | Atlantic, Ocean, Ocean, Archi- Pacific. Pacific. 
pelago. 
PHANEROZONTA. 
ASTROPECTINIDA. 
Luipnnz&. 
TAU Rouen ke 10 4 4 om 5 8 2 
PENTAGONASTERIDA. 
PENTAGONASTERINZ. 
Pentagonaster . . |\17or(?)19 2 6 =e 3 or (1) 4 3 13 
Calliaster. . . a 1 4 eee 1 see 
Chitonaster. . . - 500 fe 1 n0 Goo 
Gnathaster. . .» ee 3 wes 2 1 oC 3or(?)4 
Nyinphaster . . | 2or(%)6 1 (?) 1 0 1 eee 1 
Paragonaster . . 1 a aes 500 1 oo tee 
INCAS oO pF cop 200 oar [Lori eee 1 
GONIODISCINE. 
Stellaster . . wes ose 1 or (%) 2 2 or (2) 4 3 Lor(?)3 
Leptogonaster . . ts aes 505 ae 1 oe 
MIMASTERINA, 
Mimasier . . . 1 oes 5 1 
ANTHENEID. 
Anthenea . . . Mes me 4 uP 1 or (2) 2 2 3or(2)4 
Hippasteria . , 1 Se oad ans oe 505 eee 
PENTACEROTID. 
Pentaceros. . .|3or(t)4| 1 — {180r(2)19 fl 3 J| or: 
$ Ly eco 1 (2) 10 
Pentaceropsis . , - oe ()1 we 1 ° 
Culcita eee Or 4 1 4 1 Bor (2)4 
Asterodiscus . . Ado Fr A650 . 1 1 
Choriaster. . , és ae : ae il 1 1 
GYMNASTERIID, 
Gymnasteria . , See 1 * lor (?) 2 1 lor(?)2 
IAGO 5 2 1 3 1 My il 
Marginaster . , 4 =e 
Rhegaster Be 2 ase 
Lasiaster 7 2 > 3 
ASTERINID, 4 
GANERIINZ. 
Cycethra jf 4 


Ganeria. . , 


Species common to 
two or more 
Oceanic Areas, 


LIL, IIL.V., III.V.VI., 
4 2 1 
V.VIL., VLVIL 
I i 


U.VIL., LILTILV.VI. 
1 1 
TILVIL, V.VIl. 
3 lor(!)2 


oecece 


II.VI., Ti. VIL, V.VIl. 


2 2 2 


4 2 
VILVIL., LIILTIL, 
=o 
VI.VII. 

2 

[{IILJV. 

1 
TV, LaVelle 
ewan) 
V.VI. 
Sa 
V.VI.VII. 

1 


IILV.VLVIL. 
1 
ILIV., IV.V. 
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i IL. II. IV. v. VL. VIL. aveeieecommon to 
North South Indian | Southern | Eastern North South two or more 
Atlantic. | Atlantic. Ocean, Ocean. Archi- Pacific. Pacific. Oceanic Areas. 
pelago. 
PHANEROZONIA. 
ASTERINIDA. 
ASTERININE. 
Patiria AA 1 2 eee S00 DE em ice ron aces 
Nepanthia. « oO aoe 1 oe 2 5 he Me Accor 
LIL, LULL, 
ie ae! 
ILIIL., TVA 
nS 2 
Asterina. 8 Sn vers (eaten tors | 6 i «|, eee 
IILY., LLV.VIL, 
4or(?)5_ 8 
IILV.VLVIL., III. VII. 
PaLMIPEDINA. | A 1 
; IIL.VI. 
Palmipes . - 1 1 a0 1 i { = 
CRYPTOZONTIA. 
LINCKUD. 
CHAETASTERINE. 
Chetaster . . 2 a) Wdheere ck. wcoodk. | =ccos6q5 
LINcKUINE. r 
Fromia. . . : 3 ss 2 2 2 | Se 
( TIEY:, TIL VeVil. 
Ophidiaster . 5 a 8 6 2 6 Paar 
le tenia 
A .VIT. 
Letaster. . » nie 3 3 . 1 1 1 | a 
LIL, WLVIL, 
1 3 
IIL.V.VIL., 
Linchia. .~. 3 1 6 5 3 or (2?) 4 4 J1IL(VI.)VIL, 
@1 
III.V.VI.VII. 
2 
| | LV., IILV., IILVIL, 
he gee 2 
Nardoa. . . ss aa 4 ase 6 3 4 Uy = 
\III.V.VIL., III. VI.VII. 
1 1 
Nareissia . . 1 1 Be Wis ee) Rew: THEM vessel al we felt Gillan Uemeraeras 
MeEtTRODIRINE. 
Metrodira. . ; Z 1 1 1 { = 
ZOROASTERID. LIt 
Zoroaster . .« 5 1 ce 1 { a 
Cnemidaster . ; ss ase Od Geert Per) aos esta Meo cg 
Pholidaster. . ae Oe I ete ales chs. 2S ee asa 
STICHASTERIDA 
Stichaster é 4 2 ‘ 0 . Ae See cst 
Neomorphaster 1 Soa | Paeile MEetseer 
Tarsaster . . ae wes MR ae rosicis 
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CRYPTOZONIA. 
SOLASTERIDE. 
SOLASTERIN &. 

Crossaster . 

Rhipidaster 


Solaster . 


Lophaster . 
KORETHRASTERIN &. 
Korethraster . 
Peribolaster 
PTERASTERIDA. 
PTERASTERINE. 
Pteraster . 


Retaster . 


Marsipaster . 
Calyptraster 
HHymenaster 
Benthaster . 
PYTHONASTERINE. 
Pythonaster 
ECHINASTERIDA. 
ACANTHASTERIN &. 
Acanthaster 
MirHropiin a. 
Mithrodia . 
ECHINASTERINAE. 
Cribrella ... 
Perknaster . 
Echinaster . 


HELIASTERIDE. 
Heliaster 


Pedicellaster . 


ASTERIIDE. 
Asterias. . . 


— Smilasterias 


— Leptasterias 


— Stolasterias 


Calvasterias 
BRISINGIDE. 
Labidiaster. 


Odinia . . . 
Brisinga 


Freyella. 
Colpaster 


PEDICELLASTERIDE. 


— Cosmasterias . 


— Hydrasterias . 


, THE VOYAGE OF H.M.S. CHALLENGER. 


1k Il. III. Vie Vv, VI. VIL. Species common to 
North South Indian Southern | Eastern North South two or more 
Atlantic. | Atlantic. Ocean. Ocean, Archi- Pacific. Pacific. Oceanic Areas, 
pelago. 
2 1 aa 1 1 RY eee 
=e 500 1 ae, ecu Aled eeeabetoesen 
iol > | 2 {3 
il 008 A vas I betas | ET te te 
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= one oon ea an eee 
1 3 ase 1 1 ae 
IIL.V., V.VII. 
2 1 1 2 2 { Set 
00 : 2 Ma aennes 
1 a eee ee a Pace 
5 2 9 a 2 Cer ay, 82 eaters 
1 le 4) ieakes 
1 is pc Ne eed 
2 Pe 1 9 3 | — a 
1 1 1 9 ] { a 
3 5 : 9 a0 2 5 { = oe a 
c00 Ao6 2 6 esi aa ae ce 
ule SVs is 
7 2 3 1 1 1 3 { aoe eS 
VI.VII. 
= : : 2 4 4 ae 
5 2 DN ness i came WI face ae ens 
IL.VII. 
28 4 |ilor@e2| 4 2 28 [190r(t)21)} 
6 Jf || WENAES 
1 eee s oN) oh lee = 
wate 2 : S006 
1 £ ite 
2 Anb 0 ae lalerete Estee stoate 
2 3 l 1 1 9 { Lt ae 
9 1 l { —_ oak 
Me 1 1 1 1 { _ ae 
4 ae me es 
6 2 we 1 ASS ae 
7 1 1 A { I = = 
1 eee 
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B.—BATHYMETRICAL RANGE OF THE SPECIES. 
I. CHALLENGER EXPEDITION, 
(1.) LirroraL Zone. 


Species found in depths which extend Srom the Shore to 150 fathoms. 


I pe Occurrence in other Zones. 
ARCHASTERIDA. 
PARARCHASTERIN E. 
Pontaster hebitus . : ¢ : 5 5 85. I ea iae eee 
Pontaster teres . : 0 . : . : 140". 9 eee 
PSEUDARCHASTERIN &. : 
Pseudarchaster discus 6 : : : 5 5 PAO. 5/0 eee rere 
Pseudarchaster intermedius C : : : 85 nn becsa 
ARCHASTERINZ. 
Archaster typicus . ; < 3 : 5 10 Also Continental. 
PORCELLANASTERID&. 
CTENODISCINA, 
Ctenodiscus australis ° : ‘ 5 : 55 Also Abyssal. 
Ctenodiscus procurator . . 0 5 140 Also Continental and Abyssal. 
ASTROPECTINIDE. 
ASTROPECTININ&. 
Craspidaster hesperus : . ° 5 é 20) | SR eco 
Leptoptychaster kerguelenensis . . : : SS LOOR, 6 |" Palmares 
Leptoptychaster arcticus, var. elongata 6 , 85 Also Abyssal. 
Astropecten brasiliensis. : 5 3 : 20% at de aa ere 
Astropecten polyacanthus . : : : ° 50 ue esieines 
Astropecten pectinatus < 3 : 5 a £09 "0 aes 
Astropecten acanthifer . : ; . : 140554) |) ees so 
Astropecten japonicus . 5 A : 6 UM § | Soaua 
Astropecten imbellis . 5 : c c ; 100 OS Rte 
Astropecten pontoporxus . : : é : ZO 9 Reet ee oe 
Astropecten zebra. : : Q : : 8 Se Bes crs 
Astropecten zebra, var. rosea. : 0 d ON en ieee te 
Astropecten velitaris . : : : : ‘ OOS We mR sh 
Astropecten granulatus  . : C : 28 ; 
Astropecten monacanthus . c é : : 20 at Merron 
Astropecten cingulatus . . 5 ; 120 ~} Also Continental. 
Astropecten mesactus é ; : ; : 90 ; adbocd 
Psilaster acuminatus ¢ ; : : g 150 Also Abyssal. 
Bathybiaster loripes, var. obesa . : : : 1H mene oe Sang ee ‘ 
Luin 2. 
Luidia aspera . 6 c : : ; : 150 GIy einen eemeee 
Luidia alternata. : : : 5 6 SE 2ZOCT, Na 2? ayer ter 
Luidia limbata : . : é 6G 2 Dore mel Be ber cer, 
Luidia clathrata. : ; : : ¢ 7 aes ois reimciat a, We a 
Luidia longispina  . : : : , : 2 ea | rer 
Luidia forficifer F : . é : 2 OMe peal Man) ces 
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Depth in 
Fathoms. 


Occurrence in other Zones. 


PENTAGONASTERIDE. 
PENTAGONASTERIN &. 


Pentagonaster granularis . 
Pentagonaster patagonicus 


Calliaster baecatus . . 
Gnathaster meridionalis *, 
Gnathaster elongatus . 
Gnathaster pilulatus . . 


Nymphaster symbolicus  . 


Nymphaster symbolicus, var. bre 


Nymphaster bipunctus . 


Paragonaster ctenipes : 
Nectria ocellifera . 0 
GONIODISCIN &. 
Stellaster incet . 0 5 
Stellaster princeps . 4 
Leptogonaster cristatus , 
ANTHENEIDE, 
Anthenea acuta 0 ‘ 
Anthenea tuberculosa 0 
Hippasteria plana . . . 
PENTACEROTIDE: 
Pentaceros turritus . : 


. 
Pentaceros productus, var. tuberata 


Pentaceros callimorphus 
Pentaceropsis obtusatus 


Culcita nove-guiner . : 
Asterodiscus elegans . . 
Choriaster granulatus ° 
GYMNASTERIID. 
Gymnasterta carinifera . 
Porania antaretica . . 
Porania glaber. : ° 
Porania spiculata . . 
Porania magellanica A 
ASTERINIDE. 
GANERIIN 2. 
Cycethra electilis . . 
Cycethra nitida - . 
Cycethra pinguis . . 
Ganeria falklandica . . 
ASTERININ ©, 

Patiria bellula. . c 
Nepanthia brevis, . 
Nepanthia maculata. ' 
Asterina regularis . A 
Asterina exigua 

Asterina gunnii 0 : 
Asterina péctinifera . . 


Asterina cepheus 
Asterina penicillaris. 


PALMIPEDIN®. 


Palmipes diaphanus . 


LINCKIUDA. 
CHATASTERIN ©. 


Chetaster longipes 


eeeeee 
eeeeee 


eeeee 


eeeeee 


eeeeee 
eens 


see eee 


eens 


Also Abyssal. 


eereee 


Also Continental. 


LINCKUDA. 
Lincenn 2. 
Fromia milleporelia . 
Ophidiaster cylindricus 
Ophidiaster tubertfer 
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Ophidiaster helicostichus . 


Leiaster speciosus 
Linckia miliaris 


Linckia pacifica, var. diplax 


Nardoa tuberculata . 
METRODIRIN&Z. 
Metrodira subulata . 
ZOROASTERIDZ:. 
Pholidaster squamatus 
Pholidaster distinctus 
STICHASTERIDE. 
Stichaster aurantiacus 
Stichaster albulus 
Stichaster polyplax . 
Stichaster felipes 
Tarsaster stoichodes . 
SOLASTERIDA. 
SoLASTERIN 2. 
Crossaster papposus . 
Crossaster penicillatus 
Rhipidaster vannipes 
Solaster endeca 
Solaster subarcuatus . 
Lophaster stellans . 
KorETHRASTERINE. 
Peribolaster folliculatus 
PTERASTERIDA. 
PTERASTERIN &. 
Pteraster militaris 
Pteraster affinis 
Pteraster rugatus 


. 


Pteraster semireticulatus 


Retaster verrucosus 
Retaster peregrinator 
Retaster insignis 
ECHINASTERIDA 
ACANTHASTERIN A. 
Acanthaster echinites 
MITHRODIIN#. 
Mithrodia clavigera . 
EcHINASTERIN&. 
Cribrella oculata aq 
Cribrella ornata 
Cribrella obesa . C 
Cribrella simplex, 


Cribrella simplex, var. granulosa 


Perknaster fuscus 
Perknaster densus 

Echinaster spinosus . 
Echinaster eridanella 


(Z00L. CHALL, EXP,—PART LI.—1888.) 
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Depth in 
Fathoms, ' 
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Occurrence in other Zones. 


teeeee 


eeeeee 


Also Continental. 
Also Continental. 


weeeee 
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Depth in 


Rathore! Occurrence in other Zones. 
ECHINASTERIDZ. 
EcHINASTERINE. 
Echinaster spinulifer * ; q E i Pim aera ee te te 
LTELIASTERIDAL, : : : 
Heliaster helianthus . : F : c z «ese | ail eis MSs 
PEDICELLASTERIDE. ; ; ; : 
Pedicellaster scaber . ; : 5 : 2 25 Pe akea cry 
Pedicellaster hypernotius . : é f 5 Pa: 0 ee ee toast 
ASTERHDA. ‘ 
Asterias meridionalis F 2 C : é . 127 Pa a gers 
Asterias perriert é 6 c A 3 c TO: © <i} in Seamer 
Asterias torquata . : 3 c 5 c . 25 : «Se abanees 
Asterias glomerata . : : é i : 5 RN yee 
Asterias versicolor . 5 ’ : C - . 50 iy Rd eis 38 
Asterias amurensis . c c . : c ye G20 ess) ht aes 
Asterias cunninghamt c : 3 , : SDP Bee 
Asterias (Cosmasterias) tomidata . C C yO adi, Reb Aedes 
Asterias (Smilasterias) scalprifera . : : 5 ao | PPARs 
Asterias (Smilastertas) triremis . a : 6 . 150 he 7 eee 
Asterias (Leptasterias) compta . : C c SO FF ee heeses 
Asterias pees gemmifera E c see a Sheil be et Mme Hace 
Asterias (Stolasterias) tenuispina . : 5 | | nm esr 
Asterias (Stolasterias) calamaria “ 5 5 AQ iS Nee 
Asterias (Stolasterias) volsellata c c : 95 Ea 2nk Ay ERE 
Asterias (Stolasterias) eustyla . : c 2 150 slg, ee a are 
Asterias (Stolasterias) africana . : - 0: 1 RN) | re So 
Calvasterias stolidota : 2 : i - < OS  Hlls e ae hee 
BRISINGIDE. , : 
Labidiaster radiosus . 0 - é ; C 55 Ste bet exeonone 
Labidiaster annulatus : 5 : : : 150 Also Abyssal. 


The above table comprises 141 species and varieties found in the Littoral Zone. Of these 8 extend into the 
Continental Zone, and 9 extend into the Abyssal Zone.! 


(2.) CONTINENTAL ZONE. 


Species found in depths between 150 fathoms and 500 fathoms. 


Depth in 


ators! Occurrence in other Zones. 
ARCHASTERIDE. 
PARARCHASTERIN®. 
Pararchaster spinosissimus ‘ C17 a 0) Rn a ee 
Pontaster planeta ’ DAD. ORI ee ees 


Pontaster oxyacanthus . 6 : ’ ‘ 7 3 Ia (Tee nai eccSo 
PLUTONASTERIN 2. 

Plutonaster marginatus 
ARCHASTERIN &. 


Archaster typicus . ; , ? 3 ? 250 Also Littoral. 
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ae Occurrence in other Zones. 
ee ee ee eee aie 
PORCELLANASTERIDA, 
Crenopiscinx, ‘ 
Ctenodiscus procurator ; ; 5 . 245 Also Littoral and Abyssal. 
ASTROPECTINID#, 
ASTROPECTININ®. 
Leptoptychaster antarcticus 5 : 4 : PARR pc fe 
Astropecten brevispinus  . : . : . Of | ne aen 
Astropecten hermatophilus . 0 : : : 450)" ) || eee 
Astropecten cingulatus . a é a : 400 Also Littoral. 
-- Bathybiaster loripes . . : . : . 245 > |) MNGi 
PENTAGONASTERID. . . 
PENTAGONASTERIN®. . a . 
Pentagonaster patagonicus 5 3 5 245 - - Also Littoral. 
Pentagonaster japonicus . 5 5 ; . 345 DR 
Pentagonaster arcuatus — . a , A c O45) [ke a a ees 
Miasterinm, 
Mimaster cognatus . 5 : : : 5 245. Also Abyssal. 
LINCKUD#, ie 
CH2XTASTERIN®. : 
Chetaster longipes ~. ; 3 : - : 450 Also Littoral. 
Linckun &, 
Ophidiaster attenuatus , c > 5 ; 450°" |) © 99 eaeae 
Ophidiaster ophidianus  . : ; : : 450) + j=. as ASE 
STICHASTERID. 
Stichaster polygrammus . : : : : QED 's | SB ieee 
SOLASTER IDA. 
SOLASTERIN ZT. 
Solaster regularis , A é ‘ , LTS: = | eee 
Solaster paxillatus . : : : a 7 B4Di (© | ||) ene eees ¢ 
Lophaster stelians  . 5 : . : 175 - Also Littoral and Abyssal. 
PTERASTERIDA. . 
PTERASTERINA. 
Pleraster stellifer . 5 : : : ‘ 23) a (Ce Ne oe Pes 
Retaster gibber : : : 9 : 2H WY +) | we een 8 
Calyptraster coa 5 ; 3 . > CO0e-) | = eee 
ECHINASTERIDA. 
JiCHINASTERIN®. : . 
Cribrella compacta . 5 : . : 5 275 AEG 
Cribrella obesa. : ; : 4 5 ; 245 Also Littoral. 
Cribrella prestans . : 3 5 : ZOE || ee eeeeseee re 
Cribrella simplex. 2 5 5 C ; 310 Also Littoral. 
ASTERIIDE. 
Asterias (Cosmasterias) sulcifera : 5 : B45) 2 pe See 
Asterias (Stolsaterias) stichantha : ; : 340) || oe Mao 
BRISINGID. 
Brisinga cricophora . . SLO) May (el 4 asi tecm cn 


The above table comprises 32 species found in the Continental Zone. Of these 8 extend into the Littoral 
Zone, and 3 extend into the Abyssal Zone; and two of the three which pass into the Abyssal Zone are also 
found in the Littoral Zone. 
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(3.) ABYSSAL ZONE. 


Species found in depths greater than 500 fathoms. 


At or greater than 


500 | 750 | 1000 | 1500 | 2000 | 2500 


Greatest 
Depth 
recorded 


Occurrence in other 
Zones, 


eeeeee 


eeeeee 


A RCHASTERIDZ:. 

PARARCHASTERINE. 
Pararchaster semisquamatus 5 a) \lhesa:|encad| | aes Wor Ao | isa) 
Pararchaster semisquamatus, var. occidentalis Beli eee al, ack yl ce: ese 1700 
Pararchaster antarcticus . ‘ : wal Reselewesnlll nes + 1675 
Pararchaster pedicifer . ' : Aa liscceull eee + 1900 
Pararchaster armatus . . x mt ligeecia levee aly ects 1350 
Pontaster forcipatus . ° c A al cece fesse tcf mies 1700 
Pontaster forcipatus, var. echinata Bl vessel seen acteaalleerceraliess 1375 
Pontaster mimicus . : : 6 Se li-aoo nse [leoodel | onc |lmaackl pense 800 
Pontaster pristinus . : ‘ c a lixcoe lll ook inesaidfiesean lteseuill see 000 
Pontaster venustus . : O 6 Gt aoa) Se Hisas |} one | 4B 2025 
Pontaster trullipes . 5 : ‘ Silleacor|becooe |e? eh doo.|| eps 1050 
Pontaster subtuberculatus . 5 A Sal vere dl) eel oecalaass 950 

PLUTONASTERIN&. , ‘ 
Dytaster spinosus . ‘ 2 = oil eeeroau|etesenl|i seem | eeceld [ects 2050 
Dytaster exilis 9 . : else cet |) Eun apes 1375 
Dytaster exilis, var. gr actlis : ; A in en 1900 
Dytaster exilis, var. carinata . 5 Bil teece | ecreoill hycers onl eacks 1700 
Dytaster madreporifer A 8 c oli acer |Ihreseyel [ictal acct) alleseeectal lees seat [eis OO 
Dytaster nobilis c . . > 6 |ihdon Hhecoss lan «|| 50, ||l) cae |). Se SEG 
Dytaster xquivocus . : c : e |iceas: hee ylceoe tll wom flees 800 
Dytaster biserialis . ; - sv iHhsero'e) ||! seaul|iasses [ieesenl| trate 2025 
Dytaster inermis . z : : elise ||| Rdotel| cetera tek 2150 
Plutonaster bifrons . i : A Bl ietsieeall roe, | ect all eee 1340 
Plutonaster rigidus . B illetei dll Seva icctalll stale ee 1700 
Plutonaster rigidus, var. semiar’ mata .  [leessei|iasen ae 1350 
Plutonaster ambiguus : és : ) UtiSeesrey | aal|f teri | cars 950 
Plutonaster notatus . 5 < ; oillcog- ||P ose IF Soil 6 1000 
Plutonaster abbreviatus  , ~. . ap lhe oe 1000 
Lonchotaster tartareus . ‘ i al eccew race les a aes 2400 
Lonchotaster forcipifer  . 0 e ||) Sewer Sees alll cement) act 1975 

PSEUDARCHASTERINE. 
Aphroditaster gracilis 5 ; . a lipsse Hl eeeeuill gee s-- || LOOO 

PORCELLANASTERID:. 

PoRCELLANASTERINE, 
Porcellanaster cxruleus , 5 ; i eee | seem fier 1350 
Porcellanaster caulifer c : 5 || coe || 4 soe 800 
Porcellanaster tuberosus : ‘ sinter a | Clason] ecteet | acer 1875 
Porcellanaster crassus . C : Pipl dered (scseal Recoee | tocol ies 2335 
Porcellanaster gracilis , . : fel), SHom || Scom| sao aliosa | Se! [frase eee 
Porcellanaster eremicus  . ; : Ball coon! cde || dadall eao.|ane d[ See |) AO) 
Styracaster horridus . 4 ‘ salliscee | G2eo: il secsealtaetent| ace 2350 
Styracaster armatus . - : ; 3 {!500. |! cao Hh cco |) SPN Goo |!) cod |] IO) 
Hyphalaster hyalinus 5 5 5 Boca ladon! Godel! cosa cecil ae |ePadsto) 
Hyphalaster diadematus . é F aiel|l zener tl zoctexs | ereeee a Nterme | ett eee TO) 
Hyphalaster inermis | : : Bill |Woasetleoom Nidec | sur lls ono Iliecan: ll ikea 
Hyphalaster planus . ; 6 é oi eee | abae lnoe dh Se) I heGag all cen ll dS BKO) 
Thoracaster cylindratus . , B een toto clbusce: ieee ctl sae | 2YXOLG) 

EN i enh ln 


REPORT ON THE ASTEROIDEA. 


693 


At or greater than 


500 | 750 | 1000 | 1500 | 2000 | 2500 


Greatest 
Depth 
recorded. 


Occurrence in other 
Zones. 


PORCELLANASTERID A 
CTENODISCINE. 
Ctenodiscus australis 


Ctenodiscus procurator . 


ASTROPECTINIDA. 
ASTROPECTININ EZ. 


Leptoptychaster arcticus, var. elongata 


Psilaster acuminatus : 
Psilaster gracilis, . 
Phoxaster pumilus 
PENTAGONASTERID&. 
PENTAGONASTERIN &. 
Pentagonaster lepidus 
Chitonaster cataphractus . 
Nymphaster protentus 
Nymphaster basilicus 
Paragonaster cylindratus . 
MIMASTERIN®. 
Mimaster cognatus . . 
GYMNASTERIIDA:. 
Porania antarctica . 
Porania spiculata .° . 
ZOROASTERID. 
Zoroaster fulgens 
Zoroaster tenuis é 
Cnemidaster wyvillit . 
STICHASTERIDE. 
Neomorphaster eustichus . 
SOLASTERIDA. 
SoLASTERIN®. 
Solaster torulatus 


Lophaster stellans 


PTERASTERID, 
PTERASTERIN &. 

Marsipaster spinosissimus . 
Marsipaster hirsutus 
Hymenaster nobilis . 
Hymenaster formosus 
Hymenaster pergamentaceus 
Hymenaster sacculatus 
Hymenaster echinulatus 


Hymenaster carnosus . 
Hymenaster glaucus . . 
Hymenaster vicarius é 
Hymenaster infernalis 

Hymenaster cxlatus . ° 
Hymenaster crucifer . ° 


Hymenaster anomalus ‘ 
Hymenaster latebrosus 
Hymenaster porosissimus . 
Hymenaster graniferus . 
Hymenaster geometricus 


Ge Ace "6-6, fale 
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ae 
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aisle =ts 
+ Re 
ar too 
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Also Littoral. 
Also Littoral and 
Continental. 


Also Littoral, 
Also Littoral. 


eeccee 


Also Continental. 


Also Littoral. 
Also Littoral. 


{ Also Littoral and 
\ Continental. 
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At or greater than 
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Occurrence in other 


Greatest 
Depth 
recorded 


| Zones. 
500 | 750 | 1000 | 1500 | 2000 | 2500 
PTERASTERIDE. 
PTERASTERIN EZ. 
Hymenaster pullatus ; . : oe | +. OTOL]: Heaeeere 
Hymenaster membranaceus 5 6 || oc ae | (ooe Dall eabane 
Hymenaster coccinatus , a 5 + fe WON yee cere 
Hymenaster prxcoquis . 3 . +] + 5a LG OOM AES AN Recetas 
Benthaster wyville-thomsont 5 ee Fo 2900 RIS Mier ears 
Benthaster penicillatus C + OTOU Fe ty Mitte 
PyTHONASTERIN 2. 
Pythonaster murrayt 3 5 etl aeatalecdss + UG}OO) || caaaae 
ECHINASTERIDA. 
EcHINASTERIN#. 
Cribrella oculata . ; 5 oF ees + 1350 | Also Littoral. 
Cribrella suflata . : . + 0 5205 act st 
ASTERIIDA. 
Asterias vesiculosa . sEatiliee. SOON i tesa 
Asterias (Hydrasterias) ophidion + L250 eee 
BRISINGIDE. 
Labidiaster annulatus + |... 800 | Also Littoral 
Brisinga verticillata . 6 +]. SSO Oe Washes 
Brisinga armillata wee ek IRS RO | Ss Sseeon 
Brisinga membranacea me + | + TGOOM I 2 ee RES es 
Brisinga discincta Sa e710) 010) seria 
Freyella pennata tes + SHON |e een eoeere 
Freyella polyenema . + ee 600 
Freyella echinata\ +) +) + PAGO cdacnie 
Freyella fragilissima 5 +e] + OTH a eee 
Freyella bracteata . , i + TS5OR I Passes 
Freyella dimorpha ore + AO OM i ri bees 
Freyella remex + PHENO  aepoce 
Freyella tuberculata . + 2400-2 Ta wanda 
Freyella benthophila. =f ZO OOM seer 
Freyella heroina 5 ARNO) I hance 
Freyella attenuata : é + P00) |] began 
Colpaster scutigerula 5 5 . - VD25 | MSA eee 


The above table comprises 109 species and varieties found in the Abyssal Zone. 
the Continental Zone, and 9 into the Littoral Zone. 


ZONE. UNKNOWN. 


Of these, 3 pass into 


The depth at which the following species collected by the Challenger were dredged is not recorded. Those 
marked with an asterisk have been found previously in the Littoral Zone. 


Pontaster venustus, var. robusta. 


Pseudarchaster tessellatus, 

Psilaster cassiope. 

Psilaster putagiatus, 
*Tuidia africana. 
* Pentagonaster semilunatus. ‘ 
* Pentagonaster astrologorum. 


Nymphaster albidus. 

* Pentaceros dorsatus. 

* Asterina folium.. 

*Linckia guildingit. 

* Narcissia canariensis. 
Narcissia trigonaria. 

* Asterias (Stolasterias) glacialis, 
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Il. “PORCUPINE” EXPEDITIONS. 
(1.) LirroraL Zone. 


Species found in depths which extend from the Shore to 150 fathoms. 


ees Occurrence in other Zones. 
A RCHASTERIDA. 
PARARCHASTERINE, 
Pontaster tenuispinus, var. platynota . , ; 150 Also Continental. 
Pontaster limbatus . : Seer : ‘ 150 Also Continental. 
ASTROPECTINID. 
ASTROPECTININE. 
Astropecten trregularis . 6 5 : é 75 Also Continental. 
Luipun&. 
Luidia africana A : 5 : é P 11733) Bal |e eee AA 
Luidia sarsii . F é 6 . A 5 a) Also Continental. 
ANTHENEID. 
Hippasteria plana. = Z ¢ C 5 TOOK io 2” Bigeeeees 
GYMNASTERUDA, 
Porania pulvillus . 4 A ; 3 3 LO0Gp es i ye WOR ee 
ECHINASTERIDA. 
EcHINASTERIN &. 
Cribrella oculata j F F A f F 125 Also Continental. 
ASTERIUDZ. 
Asterias (Leptasterias) miillert . ; : 75 Also Continental. 


(2.) ConTINENTAL ZONE. 


Species found in depths between 150 fathoms and 500 fathoms. 


| 2 eta | ; Occurrence in other Zones, 
ARCHASTERIDZ. 
PARARCHASTERINAE. 
Pontaster tenuispinus 3 A * C . CE eT | pbtidan 
Pontaster tenuispinus, var. platynota . . : 363 Also Littoral. 
Pontaster limbatus . 5 3 a 5 5 440 Also Littoral. 
PORCELLANASTERIDE. 
CTENODISCIN®. 
Ctenodiscus corniculatus . ; ; 6 7 312 Also Abyssal. 
ASTROPECTINIDE. 
ASTROPECTININA. 
Leptoptychaster arcticus . : : : : 345 Also Abyssal. 
Astropecten trregularis . 9 : : : 374 Also Littoral. 
Psilaster andromeda. 3 6 4 : ‘ 344 Also Abyssal. 
Bathybiaster vexillifer 6 5 5 0 Sade IP Pa ew ateehtare 
Luipun ®. 
LIuidia sarsit . G C é 2 : A 374 Also Littoral. 
PENTAGONASTERIDE. 
PENTAGONASTERINE, 
Pentagonaster granularis . : : é : 440 re 
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Depth in 


ethos Occurrence in other Zones. 
SOLASTERIDA. 
SoLASTERINE[. 
Crossaster papposus . : : 5 : : 384 Also Abyssal. 
Lophaster furcifer , 0 : : 5 ; 384 Also Abyssal. 
LECHINASTERIDA, 
ECHINASTERIN&. 
Cribrella oculata . 6 A A : 5 458 Also Littoral. 
| ASTERIIDE, 
Asterias (Leptasterias) miillert . . : . 312 Also Littoral. 
BRISINGIDA. 
Odinia pandina : : : , é 6 AAO 9 ui cee SRBIeeoe es 
Brisinga endecacnemos . 0 : f b 469 Also Abyssal. 
Brisinga coronata . ; 7 : : d 458 Also Abyssal. 
(3.) ABYSSAL ZONE. 
Species found in depths greater than 500 fathoms. 
| At or greater than a8 
2.2 | Occurrence in other 
Gag 2 A s Zones. 
500 | 750 | 1000 | 1500 | 2000 | 2500 | 6 g 
ARCHASTERIDE. 
PLUTONASTERINA. 
Plutonaster bifrons . c : . ell cates ere Mcte) ail itereretiyl Psistess liereraretl Milt GO ian cau uuuaorrects 
| Plutonaster (Lethyaster) parelit . Bi | ocen hoaar la : WSX0); |) padcac 
PORCELLANASTERIDE. 
CTrENODISCINA. 
Ctenodiscus corniculatus . 3 : orl | eal | eel eweull a ecelesccllleet 632 | Also Continental. 
| ASTROPECTINIDE. 
ASTROPECTININ#. 
Leptoptychaster arcticus . 5 : oad SE ANI S53] eecatleerctal peeistoeal lees 690 | Also Continental. 
| Psilaster andromeda ‘ , . ee) Bae sewers |b got tile eet actos 690 | Also Continental. 
GYMNASTERIUD. 
Marginaster fimbriatus . A ; ee licsas jetee 2 |stats caalpreceal|) eel 3.00! )/, 0) 1 rece 
Lasiaster villosus  . - ‘ ‘ Pll ke ce Mec lecceen laneed noaceel her BY fil ae a tee 
ZOROASTERID. 
Zoroaster fulgens . : : : poll sacie ees : TAS sconane 
SOLASTERIDA, 
SOLASTERIN”E. ; : . 
Crossaster papposus . F i 3 Beal Bete et er iveraes| Negron s| iors Pesia 640 | Also Continental. 
Lophaster furcifer : Sloe tatl lh ae eell eae | eceeer| tetera |. can 605 | Also Continental. 
KorETHRASTERIN®. . 
Korethraster hispidus ‘ : F Sel pccteea|| ae sl|tietces IW tears il ehetetae ll Paste GS2ul at Pa eees 
PTERASTERIDE. 
PTERASTERIN ®, 
Hymenaster pellucidus : ‘ 5 ee Voatilttcecelllmesaell eee NSIOE = aaGsee 
BRISINGID. 
Brisinga endecacnemos , 4 , ~|-+ | s.. | + | a. |». |... | 1095 | Also Continental. 
Brisinga coronata . ‘ . , alate” [ll eecel|l sect seeullh perce pees 630 | Also Continental. 


The following species were also collected by the “ Porcupine,” but the depth is not recorded :— 


Palmipes membranaceus, | Chextaster longipes. | Stichaster roseus. 
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Ill. “KNIGHT ERRANT” EXPEDITION. 
(1.) LirroraL Zone, 


Species found in depths which extend from the Shore to 150 fathoms. 


Depth in 


athomise Occurrence in other Zones. 
| 
ASTROPECTINID. 
Louripin2. 
Inidia sarsit . 5 ‘ 5 5 : g 53 BECOCO 
GYMNASTERIIDA. 
Porania pulvillus  . d c : : 3 53 See054 
SOLASTERIDA. 
SoOLASTERINE. 
Crossaster papposus . : : ; 2 : 53 stress 
ECHINASTERIDE. 
EcHINASTERINA. 
Cribrella oculata . i 5 2 ‘ ; DSi ee | Peer a 
ASTERUD, 
Asterias rubens ‘ ; A : 3 . GE! cease 
Asterias (Leptasterias) miillert . : : : ie mn | nny Uy Anaene 
(2.) CONTINENTAL ZONE. 
Crossaster papposus, var. septentrionalis . : . 9375 fathoms, 
(3.) AByssaL ZONE. 
Species found in depths greater than 500 fathoms. 
At or greater than 2 az ; 
“E/E | Occurrence in other 
2 A S Zones. 
500 | 750 | 1000 | 1500 | 2000 | 2500 | 67 2 
ARCHASTERIDA. 
PARARCHASTERINE. 
Pontaster tenuispinus, var. platynota ; Heyl a2e:sy) [Precio |e esteiall teeta (tose | oO Om elector tas 
PLUTON ASTERIN &. 
Plutonaster bifrons . : ; 0 A Feet | cess uiiveaee Ie seerl|| ses. (maser DAOHI eae: 
ASTROPECTINIDA. 
ASTROPECTININE, 
Psilaster andromeda . : 5 : =f Bilinear emresl| cece: |e Aan eae XO} 0) an ae 
PENTAGONASTERIDA. 
MIMASTERIN-. 
Mimaster tizardi . 5 F : ‘ a We corey | eecoee |ontie aera Mean DO DMI nn eesees 
i] 


(ZOOL. CHALL, EXP.— PART LL.—1888.) 88 


698 THE VOYAGE OF H.M.S. CHALLENGER. 


IV. “TRITON” EXPEDITION. 


(1.) LirroraL Zone. 


Species found in depths which extend from the Shore to 150 fathoms. 


(2.) CoNTINENTAL ZONE. 


Species found in depths between 150 fathoms and 500 fathoms. 


Depa Occurrence in other Zones. 
ASTROPECTINIDA. 
Luipun2. 
LInuidia ciliaris . . ‘ ; . ; 4 Sic i ey eee eee 
ANTHENEIDE. 
Hippasteria plana. 0 0 : - : Bi il hao 0 gsarees 


Pepthiia Occurrence in other Zones. 
GYMNASTERUDA. 
Rhegaster murrayi . . A : : 5 AGS tly UA Naess 
LE’CHINASTERID. 
EcuINASTERINE. 
Cribrella oculata . , é : a 240 | Also Abyssal. 
ASTERIDA. 
Asterias (Leptasterias) miilleri . : : A 433-0 0 cancel: 
(3.) ABYSSAL ZONE. 
Species found in depths greater than 500 fathoms. 
At or greater than $4 Z 
+43 | Occurrence in other 
O29 Zones, 
500 | 750 | 1000 | 1500 | 2000 | 2500] 69 8 
A RCHASTERIDA, 
PARARCHASTERINE. 
Pontaster tenuispinus, var. platynota . Seales GOS) | eeeessees 
PLUTONASTERINE. 
Plutonaster bifrons . ; ; ¢ | + Way) |) Ganace 
ASTROPECTINIDE. 
ASTROPECTININ 2. 
Psilaster andromeda ? ‘ i BR. |) oon 
PENTAGONASTERID:. 
MIMASTERINAE, 
Mimaster tizardi : ; ; a || a OO DUI Ga aes acte 
ZOROASTERID. 
Zoroaster fulgens 5 : fs NO! Ws beaten 
PTERASTERIDE, 
PTERASTERIN”. 
Pteraster militaris . 5 ; 5 5 ae DS Olt |e eee 
Pieraster militaris, var. prolata ; 5) ze GO oe Sober 
LE-CHINASTERID. 
ECHINASTERIN2. 
Cribrella oculata, var. (see p. 543), ll ete 555 | Also Continental. 
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Table showing the known Bathymetrical Range of the Genera of Asteroidea collected by the Challenger 
in each of the great Oceanic Areas. 


PHANEROZONIA. 
A RCHASTERID:. 
PARARCHASTERINZ. 
Pararchaster . 
Pontaster 
PLUTONASTERINE. 
Diytaster 


Plutonaster 


— Tethyaster . 
Lonchotaster . 
PsEUDARCHASTERINE. 
Pseudarchaster 
Aphroditaster . 

ARCHASTERIN &. 


Archaster 


PORCELLANASTERIDE. 
PoORCELLANASTERIN SE. 
Porcellanaster . 
Styracaster . 
Hyphalaster 
Thoracaster 
CTENODISCIN 2. 
Ctenodiscus . 
ASTROPECTINID. 
ASTROPECTININE. 
Craspidaster ; 
Leptoptychaster, . 
Astropecten 


Psilaster 


Phoxaster . . 
Bathybiaster . 
Lurpinz. 
Inuidia . 
PENTAGONASTERIDE. 
PENTAGONASTERIN &. 
Pentagonaster . 
Calliaster . 
Chitonaster 
Gnathaster . 
Nymphaster . 
Paragonaster . 
Nectria . 
GONIODISCINE. 
Stellaster F 
Leptogonaster . 
MimastTERIN&. 
Mimaster 


I. 


North 
Atlantic. 


1240-1700 
70-2025 


1106-2025 
210-1360 
or 1700 
50-1608 
2400 


85 
1000 


784-1917 
1637-1987 
1637-2617 

2400 


20-1350 
2-450 


40-690 | 
1240-1700 
344-1215 

7-374 


3-1323 
84-1525 


1850 


516-555 


1016 TE, IV. NG 
South Indian Southern Eastern 
Atlantic. Ocean. Ocean. Archipelago. 

425 1600-1900 eae 
2650 1375 100-800 
1900-2650 800-2150 
425 S 
Peis.) [igooctoTs 
q 
| Shallow \ } 
water 
2550 800 
2350 SAE 
1950 
55-600 
wk 20 
ie sie 10-210 ves 
5-400 q 2 6-140 
Shallow 
water 
75-127 
7-20 2 6-115 
55 q 3-11 
5-18 ach z 
ise 1975 ee 
9-55 5-150 2 
1200 didi 28-140 
Soc sists 140 
30-40 ate 
60 4-36 
eee 100-115 


We VII. 
North South 
Pacitic. Pacific. 
565-1875 se 
345-1050 245-950 
2050 1375 
950 
147 
0-250 
1875 2225-2335 
1850 fe 
1875 2160-2750 
40-1325 
10 
2-345 ~50 
1875 150-950 
- 245 
5-25 150 
345 245 
2 siete 
0-30 
150 
2 
245-1325 
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I. 


North 
Atlantic. 


ie Il. 


South 
Atlantic. 


PHANEROZONIA. 
ANTHENEIDA, 
Anthenea 
Hippasteria 
PENTACEROTIDA. 
Pentaceros . 


Pentaceropsis . 


Culcita . 
Asterodiscus 


Choriaster . 
GYMNASTERUD. 
Gymnasteria 


Porania 
Marginaster 
fthegaster . 
Lasiaster 
ASTERINIDA. 
GANERIINE. 
Cycethra 
Ganeria 
ASTERININ®E. 


Patiria . 
Nepanthia . 
Asterina 


PALMIPEDIN#. 
Palinipes 


CRYPTOZONTIA. 
LINCKUDA. 
CHA&TASTERINE. 
Chetaster . . 
Linckunz 


Fromia . 
Ophidiaster 
Leiaster . 
Linckia . 


Nardoa. 


Narcissia . 
METRODIRINE. 
Metrodira . 
ZOROASTERIDA. 
Zoroaster 
Cnemidaster 
Pholidaster 


30-150 


2 


15-373 
54-1360 
5-658 
107-542 


0-140 { 


20-100 


30-450 
5-450 


Shallow 


water 


38-2326 


Shallow 


12-55 


water 


Sa inna! 


water | f 


Shallow 
{ water 

Shallow 
{ water 


q 
Shallow 
water 
i] 
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IV. 


Southern 
Ocean. 


30-1600 


Vic VI. 
Eastern North 
Archipelago. Pacific. 
6 q 
6-28 a 
Shallow 
water eat 
10 2 
10 a 
10 S Shallow 
( water 
Shallow Shallow 
water water 
800 
2-400 Eee 
10 5-50 
q 
Shallow Shallow 
water water 
0-8 q 
a 2 
Shallow 
7-36 { water 
Shallow || 40 
water J 
8 4 
800 


100-140 


2 
Shallow 
water 


Shallow 
water 
45 


30 


Shallow 
water 
Shallow 
water 
Shallow 
water 
Shallow 
water 


q 


q 
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I, IL. Ill. Vis iV Wile VII. 
North South Indian Southern Eastern North South 
Atlantic. Atlantic. Ocean. Ocean, Archipelago. Pacific. Pacific, 
CRYPTOZONTA. 
STICHASTERIDE. 
Stichaster . 2-782 150 0-245 
Neomorphaster 900-1000 ves 
Tarsaster . ado 150 
SOLASTERID. 
SOLASTERINZ. 
Crossaster . 0-640 140 ue 2 
Rhipidaster wee ees 28 ae s38 
Solaster 0-1537 150 vee 345 175-520 
Lophaster . 30-743 ie ss 40-1325 
KOoRETHRASTERINE. 
Korethraster . 56-670 ae 
Peribolaster 60 45 
PTERASTERIDA. 
PTERASTERIN &. 
Pteraster 10-2021 30 (2) 3 28-150 SHH 2 245 
Retaster .| 124-640 55 \2 127 6-25 us 245 
Marsipaster . , 2192 Foe es os ae 2160-2335 
Calyptraster aoe 350 oe ee ia 
Hymenaster 70-2214 | 1425-2650 1375-1950 565-2900 | 1070-2335 
Benthaster . at ate 2900 1070 
PYTHON ASTERIN 2. 
Pythonaster . 1900 
ECHINASTERID. 
ACANTHASTERINA. ae 
p Shallow Shallow hallow Shallow 
NT Ale { water ate { water water water 
MITHRODIIN &. ar 
. . Shallow Shallow allow Shallow 
Mithrodia . 39 { eee er i ore { water water water 
EcHINASTERINE. 
Cribrella 0-1350 0-150 10-310 Ay. 40 245-520 
Perknaster . ne See aes 25-127 oes oa0 Bre 
Echinaster. . .| 10-309 7-20 2 28-127 q q 16-25 
HIELIASTERID, 
; Shallow Shallow 
Heliaster . | water water 
PEDICELLASTERID&. 
Pedicellaster 25-1808 14 20-140 
ASTERIUDZ. 
Asterias : 0-860 9-63 q 10-127 800 5-50 0-597 
— Cosmasterias ten 5 ng S ao 45-345 
— Smilasterias set 50-150 ae 
— Hydrasterias 1250 Oe oer 
— Leptasterias | 53-433 460 oor An Bee 
— Stolasterias . 0-174 0-150 q 95 345 0-38 
Calvasterias oe 5-10 Q 2 
BRISINGID. 
Labidiaster 560 55 75-150 800 
Odinia 440-784 bre eo 
Brisinga 100-2021 Ee 1375-2600 eco 1875 oat 
Freyella 175-2733 2350 1375-1975 | 1050-2150 | 1675-2900) 600-2550 
Colpaster 1525 Sue oe mie sei 
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C.—NATURE OF THE SEA-BOTTOM 


On which the Asteroidea collected by the Challenger were found, with an enumeration of 
the Species occurring on each deposit. 


I. TERRIGENOUS DEPOSITS. 


a. GRAVEL, STONES. 


BATHYMETRICAL ZONE. 


Occurrence on other Deposits. 
Littoral, | Continental, | Abyssal. 


ARCHASTERIDA. 
PARARCHASTERIN &. 
Pontaster hebitus . ‘ 5 : + wee oie aidelacs 
PsEUDARCHASTERIN &. 
Pseudarchaster intermedius. F + ees cade Pe Metres 
ASTROPECTINIDA. 
ASTROPECTININE. 
Leptoptychaster arcticus, var. elongata + ae aa Also Blue mud. 
PENTAGONASTERID. 
PENTAGONASTERINAE. 
Pentagonaster granularis . . : + sed sel A (NO aR 
ANTHENEIDA. 
Hippasteria plana . - . . + 
STICHASTERIDA. 
Stichaster albulus . : ; + ate Sex ee- MWe omen 
PTERASTERIDA. 
PTERASTERINE. 
Pteraster militaris . F 5 + ee Seco MEI a UMD BU Moes oso 
ECHINASTERID. 
ECHINASTERIN®. 
Cribrella oculata . A : F + AeA AX Also Rock and Blue mud. 
ASTERIIDA. 
Asterias (Leptasterias) compta . : + ts 205 Ae ek scchco 
b. CoaRSE GRAVEL. 
BATHYMETRICAL ZONE. 
Occurrence on other Deposits, 
Littoral. | Continental. | Abyssal. 
PENTAGONASTERIDE. 
PENTAGONASTERINZ. 
Gnathaster meridionalis . : 2 + ae es Also Voleanic mud and 
Gnathaster elongatus : 3 + \ Greenish Volcanic mud. 
GYMNASTERID. 
epic ariculata } mn a Hi { Also ae mud and Volcanic 
mud, 


SOLASTERIDA, 
SoLASTERINE. 
Solaster subarcuatus 4 
PTERASTERIDE. 
PTERASTERIN &. 
Pteraster rugatus . ° 
ASTERIIDA. 
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Asterias (Smilasterias) triremis 


BRISINGIDA, 


Labidiaster annulatus  . 
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Littoral. 


+ 


+ 


BATHYMETRICAL ZONE. 


Continental. 


Abyssal. 


Occurrence on other Deposits, 


Also Green mud, Volcanic 
mud, and Greenish Vol- 
canic mud. 


lL 


c. SAND. 


PORCELLANASTERIDA:. 
CTENODISCINE[. 
Ctenodiscus australis 6 
ASTROPECTINIDEA. 
ASTROPECTININE. 
Astropecten pectinatus . 
Astropecten japonicus : 
PENTAGONASTERID 2. 
PENTAGONASTERIN E. 
Pentagonaster patagonicus 
Gnathaster pilulatus 
PENTACEROTIDA. 


Pentaceros turritus . 3 


Pentaceros productus, var. tuberata 


Culcita nove-guinee 5 
ASTERINIDA. 
GANERIINE. 
Cycethra nitida  . 
Cycethra pinguis . 


Ganeria falklandica : 
PTERASTERID. 
PTERASTERINE. 
Retaster verrucosus . A 
ASTERUDA. 
Asterias versicolor . ‘i 


Asterias cunninghami. 

Asterias glomerata 
BRISINGID/. 

Labidiaster radiosus 


BATHYMETRICAL ZONE. 


Littoral. 


+ ++ ++ 


++ 


+++ 


++4 


Continental. 


Abyssal. 


Occurrence on other Deposits. 


Also Green sand. 


Also Sand and Shells. 
Also Mud and Blue mud, 


Also Blue mud. 


Also Green mud, Coral mud, 
and Coral Reefs. 


Also Sand, gravel. 
Also Sand, gravel. 
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d, SAND, GRAVEL. 


BATHYMETRICAL ZONE, 


Occurrence on other Deposits. 
Littoral. | Continental. | Abyssal. 


ASTERINIDE. 
GANERIINZ, 
Cycethra electilis . 6 5 . + C00 eee LN) | cote 
E-CHINASTERID. 
EcHINASTERINE. 
Cribrella obesa : 5 5 : + eee ae Also Blue mud. 
ASTERUD, 
Asterias glomerata . 3 c 5 + aan Also Sand. 
Asterias cunninghami ; + See Also Sand. 
Calvasterias stolidota ; . + sae wae seuees 
é. SAND AND SHELLS. 
BATHYMETRICAL ZONE. 
Occurrence on other Deposits. 
Littoral. | Continental. | Abyssal. 
ASTROPECTINIDE. 
ASTROPECTININE. 
Astropecten pectinatus . c | ee ace a Also Sand. 
PENTAGONASTERIDA, 
PENTAGONASTERINA, 
Nectria ocellifera . 0 . : + a00 on eeeielse 
STICHASTERIDE. 
Stichaster polyplax . : . : + nae aay) lh) Pacers : 
ASTERIIDE. 
Asterias (Stolasterias) calamaria . + ae easyail, | Ul Peiihesshets 
J. Rock. 
BATHYMETRICAL ZONE. 
Occurrence on other Deposits. 
Littoral. | Continental. | Abyssal. 
SOLASTERIDZ. 
SOLASTERIN2E. 
Crossaster papposus . . : : + 6a 600 Seales 
Solaster endeca , : Be ee 
LECHINASTERIDE, 
ECHINASTERIN &. 
Cribrella oculata . i ; : a { Also gina stones, and Blue 
mud. 
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g- Harp GrounD, “GRAVEL, SHELLS.” 


BATHYMETRICAL ZONE. 


Littoral. | Continental. 


Abyssal. 


Occurrence on other Deposits. 


ASTROPECTINIDA. 


ASTROPECTININ&. 
Leptoptychaster antarcticus 


ECHINASTERIDE, 


EcHINASTERIN 2. 
Cribrella prestans . ‘ 
Cribrella simplex 


. . 


h. Harp GrRounp. 


Also Voleanic mud, 


(ZOOL, CHALL. EXP.—PART LL—1888.) 


BATHYMETRICAL ZONE. 
Occurrence on other Deposits. 
Littoral. | Continental. | Abyssal. 
PENTAGONASTERIDZ. 
PENTAGONASTERIN &. 
Nymphaster protentus : = ee NE besa sumeneas 
BRISINGIDE. 
Freyella polycnema . shoe nt ee ee ere ee se 
Colpaster scutigerula {aR |) mn erties: 
2. Mup. 
BATHYMETRICAL ZONE. 
; Occurrence on other Deposits. 
Littoral. | Continental. | Abyssal. 
ASTROPECTINIDA. 
ASTROPECTININ &. 
Craspidaster hesperus p é + ae 
Astropecten japonicus : : + Also Sand and Blue mud. 
Astropecten monacanthus . 4 Q RS i) Give) I coo home See. 
Lumun. 
Luidia longispina ; | Ee eee aoe eee | ae WY eaten 
| | 
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j. BLuE Mop. 


BATHYMETRICAL ZONE. 


Occurrence on other Deposits. 


Littoral. | Continental. | Abyssal. 
ARCHASTERIDE. 
PaRARCHASTERIN &. 
Pararchaster semisquamatus  . : + 
Pararchaster semisquamatus, vay. 
occidentalis. ; c i = 
Pararchaster antarcticus . C 4 + 
Pararchaster armatus . C ad Onn + 
Pontaster planeta . 0 B 6 one + 
Pontaster teres 6 : : ' + asa 
Pontaster forcipatus : ° 0 + 
Pontaster pristinus . 9 . C + 
Pontaster trullipes . . : : + 
PLUTONASTERINE. 
Dytaster exilis, var. carinata . 5 + 
Dytaster madreporifer . S + 
Dytaster nobilis - : 0 + 
Dytaster inermis . c 6 + 
Plutonaster bifrons . : 3 + 
Plutonaster rigidus . ; : 5 + 
Plutonaster rigidus, var. senviarmata. + 
PSEUDARCHASTERINE. 
Pseudarchaster discus , ; . + 
PORCELLANASTERID. 
PORCELLANASTERINA. 
Porcellanaster ceruleus . 5 : + 
Porcellanaster tuberosus . 5 c + 
Porcellanaster gracilis, . + 
Hyphalaster diadematus . a 0 + 
Hyphalaster inermis é o : + 
CTENODISCINE. 
Ctenodiscus procurator . : . + + + 
ASTROPECTINID®, 
ASTROPECTININ A. 
Leptoptychaster arcticus, var. elongata Sere +f 
Astropecten acanthifer . 5 + ele 
Astropecten japonicus 5 3 . + 
Psilaster acuminatus C ; : + 06 aes 
Psilaster gracilis. : C 6 sr 
Phoxaster pumilus . ° : : Boo + 
Bathybiaster loripes c : 5 a 
PFENTAGONASTERIDE. 
PENTAGONASTERINE. 
Pentagonaster patagonicus 0 : 00 4F 
Nymphaster symbolicus, var. brevi- 
radiata . S . ° \ a 
Paragonaster ctenipes , . : + sos . 
GONIODISCINA, 
Stellaster incet C fs < 9 $F 
MIMASTERIN 2, 
Mimaster cognatus . 3 $ Fi + + 


Also Green mud. 


Also Sand and Mud. 
Also Green mud, 
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BATHYMETRICAL ZONE, 


Littoral. | Continental. | Abyssal. 
ZOROASTERIDE, 
Zoroaster fulgens . : : : ee : tf 
Zoroaster tenuis . 6 : G00 + 
Pholidaster distinctus : : 
STICHASTERIDE. 
Stichaster polygrammus . ¢ , + 
SOLASTERIDE, 
SoLASTERIN”, 
Solaster regularis  , : ae + eA 
Lophaster stellans + + + 
PTERASTERIDE, 
PTERASTERINA. 
Pteraster stellifer + 
Retaster gibber ; 0 + a 
Marsipaster hirsutus ¢ ; + 
Hymenaster pergamentaceus , te 
Hymenaster pullatus S : ; + 
Hymenaster membranaceus owe : + 
Benthaster penicillatus , + 
PYTHONASTERIN E. 
Pythonaster murrayi . + 
ECHINASTERIDE. 
EcuINnasTERIN&. 
Cribrella oculata  . c ae + 
Cribrella obesa ¥ 5 + 
ASTERUD. 
Asterias (Hydrasterias) ophidion aes + 
Asterias Cees suletfera + 
BRISINGIDA, 
Brisinga verticillata + 
Brisinga armillaia . 4 , + 
Freyella pennata . , o+ 
Freyella echinata . af 
Freyella bracteata . + 


k. GREEN Mop. 
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Occurrence on other Deposits. 


Also Red mud. 


Also Gravel, stones, and Rock. 
Also Sand, gravel. 


Also Globigerina ooze, 


ARCHASTERIDZ. 
PARARCHASTERINE. 


Pararchaster semisquamatus 


Pontaster oxyacanthus  . 
Pontaster mimicus .° , 
Pontaster subtuberculatus . 


BATHYMETRICAL ZONE. 


Occurrence on other Deposits, 


Littoral. | Continental. | Abyssal. 
ae + Also Blue mud, 
G a S60 900605) 
Tat)? | se I Se 
=| aien | Peeeanty ok) 3 0 
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BaTHYMETRICAL ZONE. 
Occurrence on other Deposits. 
Littoral. | Continental. | Abyssal. 


ARCHASTERID. 
PLUTONASTERINE. 
Dytaster xquivocus . 3 0 
Plutonaster ambiguus. 0 
ARCHASTERIN 2. 
Archaster typicus . . 
PORCELLANASTERIDE. 
PoRCELLANASTERINZ. 
Porcellanaster caulifer . oe 
ASTROPECTINIDE. 
ASTROPECTININ. 
Astropecten brevispinus . : 2 
Astropecten imbellis . 6 o ; 
Astropecten granulatus . . 
Psilaster acuminatus 
Luipin 2. 
Luidia aspera 0 : c 
Luidia forficifer . : 4 
PENTAGONASTERID. 
PENTAGONASTERINE. 
Pentagonaster japonicus . 0 7 


Pentagonaster arcuatus 
Nymphaster symbolicus . 


GoNIODISCINE. 
Stellaster incet 5 5 : : 
Leptogonaster cristatus . 4 : 
PENTACEROTIDA. 
Pentaceros turritus . 5 A ; 


GYMNASTERIIDZ. 


Porania spiculata . . . : 
ASTERINID. 
ASTERININ&. 
Nepanthia maculata 0 . 
ZOROASTERIDA. 
Cnemidaster wyvillit 6 6 
Pholidaster squamatus . . 
SOLASTERIDA, 
SoLasTERINaE. 
Rhipidaster vannipes ° : . 
Solaster paxillatus . 0 : : 
PTERASTERIDE. 
PTERASTERIN 2. 
Retaster insignis. 9 , 
Hymenaster glaucus : 
ASTERIIDE. 


Asterias vesiculosa é es 5 
Asterias (Stolasterias) stichantha . 
BRISINGIDA. 


Labidiaster annulatus 4 é 


++ 


oa + 
+ 
=F ado! |e BS ino a5 
+ Also Blue mud. 
+ fs aise Also Coral mud. 
+ As re Also Coral mud, 
+ east 
we + Paes 
ne ed er cree | (es eet Mees 
+ Also Blue mud and Coral mud. 
Se Le eet Al Caco” dll eee Momaoeneee 
Also Sand, Coral mud, and 
ay pa a { Coral Reefs. 
Also Coarse gravel and Vol- 
cs canic mud. 
SN, act eee ieee SF) GR eae 
ach + 
+ ae (eee te le Wee Scenes 
ef | ea ee ee ees 
a Be Also Coral mud. 
pe Gan dah itoccarc 
sa a lh WY eee 
ee. en ee crerstercts 
{ Also Coarse gravel, Voleanic 
+ < mud, and Greenish Vol- 
canic mud. 
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i. GREEN Sanp. 


BATHYMETRICAL ZONE. 


Littoral. | Continental. 


Abyssal. 
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Occurrence on other Deposits. 


PORCELLANASTERID. 
CrENODISCINA. 
Ctenodiscus australis 
GYMNASTERIIDZ. 
Porania magellanica c 6 
STICHASTERIDA. 
Stichaster felipes . 6 4 
SOLASTERID. 
KoRETHRASTERINE. 
Peribolaster folliculatus . 5 
ASTERIIDA. 
Asterias (Cosmasterias) tomidata 


ASTROPECTINID. 
ASTROPECTININE. 
Astropecten cingulatus  . c 
PENTAGONASTERID. 
PENTAGON ASTERIN &. 
Nymphaster basilicus a : 
ZOROASTERID. 
Zoroaster fulgens 
PTERASTERIDA. 
PTERASTERIN EZ. 
Calyptraster coa 


nN 


m. RED Mun. 


BATHYMETRICAL ZONE. 


Littoral, | Continental. | Abyssal. 
+ + 
+ 
at 
fs, 


. Voucanic Mup. 


BATHYMETRICAL ZONE, 


Littoral. | Continental. 


ARCHASTERIDZ:. 
PLUTONASTERINZ. 
Plutonaster abbreviatus . 
PsEUDARCHASTERINE. 
Aphroditaster gracilis. 
ASTROPECTINIDE. 
ASTROPECTININE. 
Astropecten hermatophilus 
Bathybiaster loripes, var. obesa . 


Abyssal. 


Also Sand. 


Occurrence on other Deposits. 


Occurrence on other Deposits. 


Also Greenish Volcanic mud. 
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BATHYMETRICAL ZONE. 


Littoral. | Continental. | Abyssal. 


PENTAGONASTERIDE. 
PENTAGONASTERIN&. 
Pentagonaster lepidus . 9 0 nox 050 + 


Gnathaster meridionalis . : + ae Bee \ 


Gnathaster elongatus 4 5 4 + 006 
GYMNASTERIDE. 


Porania spiculata . 4 5 ¢ + ee ee { 


LINCKIUDA. 
CHATASTERINE. 
Chextaster longipes . 3 c : ins + 850 
Linck. 
Ophidiaster attenuatus  . 0 : 600 + 
Ophidiaster ophidianus . 2 é sue + 
SOLASTERID#. 
SoLASTERINA. 
Solaster torulatus  . F 3 . oie iste + 
PTERASTERIDA. 
PTERASTERINZ. F 
Pteraster affinis : . , : + 
ECHINASTERIDA, 
EcHINASTERIN2. 
Cribrella sufflata . : ‘ : ee des + 
Perknaster fuscus  . : 6 : + is S00 
ASTERIIDA. 
Asterias (Smilasterias) scalprifera . + 600 cd0 
BRISINGIDE. 


Labidiaster annulatus > . . H + ve 


o. GREENISH Voucanic Mup. 


BATHYMETRICAL ZONE. 


Littoral. | Continental. | Abyssal. 


J 
( 


Occurrence on other Deposits. 


Also Coarse gravel and 
Greenish Volcanic mud. 


Also Coarse gravel and Green 
mud. 


Also Coral Reefs. 


Also Coarse gravel, Green 
mud, and Greenish Volcanic 
mud. 


Occurrence on other Deposits. 


ASTROPECTINIDA. 
ASTROPECTININE. 
Leptoptychaster kerguelenensis . : + S00 
Bathybiaster loripes, var. obesa : + 600 
PENTAGONASTERID. 
PENTAGONASTERIN®. 
Gnathaster meridionalis . 3 : =f 
Gnathaster elongatus : : 
GYMNASTERUD. 
Porania glaber ° 
PTERASTERIDE. 
PTERASTERINE. 
Retaster peregrinator : : ; ie 


Also volcano! md, 


Also Coarse gravel and Vol- 
canic mud, 


r 


hl 
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ECHINASTERIDE. 
ECHINASTERIN A. 


Cribrella simplex, var. granulosa 


Perknaster fuscus  . 

Perknaster densus 

Echinaster spinulifer 
PEDICELLASTERID#. 

Pedicellaster scaber . 4 
ASTERIIDA, 

Asterias perrieri 

Asterias meridionalis 
BRISINGIDE. 


Labidiaster annulatus . 


BATHYMETRICAL ZONE. 


Littoral. | Continental. 


Abyssal. 


“11 


Occurrence on other Deposits. 


p. VoLcanic Sanp. 


BATHYMETRICAL ZONE. 


ARCHASTERIDE. 
PARARCHASTERIN A. 
Pararchaster spinosissimus 
PLUTONASTERINE. 
Plutonaster marginatus 
SOLASTERIDZ, 
SoLASTERIN&. 
Crossaster penicillatus . 
LESCHINASTERID-E. 
ECHINASTERIN &. 
Cribrella simplex. : 
PEDICELLASTERIDE. 
Pedicellaster hypernotius . 


ASTROPECTINID. 
ASTROPECTININ&. 
Astropecten zebra ; 
Astropecten zebra, var. rosea 
Luipunz, 


Luidia aspera. ° a 
Luidia forficifer . ° 
PENTAGONASTERID#. 


* PENTAGONASTERINE. 
Nymphaster bipunctus . 
GonIODISCIN &. 
Stellaster incet A c 
Stellaster princeps . ¢ 


Abyssal.* 


Also Coarse gravel, Green mud, 
and Volcanic mud, 


Occurrence on other Deposits. 


Littoral. | Continental. 
+ 
Bo ta 
2b 
oe ar 
ak 


g. CoraL Mun. 


Abyssal. 


Occurrence on other Deposits. 


BaTHYMETRICAL ZONE. 
Littoral. | Continental. 

+ eee 

+ eee 

+ 

+ 

sb 

= | 

ait | 


Also Green mud. 
Also Green mud. 
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BATHYMETRICAL ZONE. 
Occurrence on other Deposits. 
Littoral. | Continental. | Abyssal. 
ANTHENEIDA. 
Anthenea tuberculosa + st Seah acs | c) | ee Se 
PENTACEROTIDA 
Pentaceros turritus { Also Sand, Green mud, and 
y : ai Coral Reefs. 
Pentaceros callimorphus a P| (ec, eee IE 
ASTERINIDA. 
ASTERININE. 
Nepanthia brevis. 5 + gle Ne Me ieee 
PALMIPEDINA. 
Palmipes diaphanus : aL ee eco es en ee Ay Vac 
LINCKUDA. 
LinckUNaz, 
Ophidiaster tuberifer soe: GUS BI cosy gai | Newent: 
Ophidiaster helicostichus . cE eeecraetile Secs Mh 9 | | Pee 
METRODIRINE. 
Metrodira subulata . , ah Sle Wecee Mh Mario gu 0a Seat 
STICHASTERIDA. 
Tarsaster stoichodes . ST er eee | eee wi ee aoa 
PTERASTERIDA. 
PTERASTERINE. 
Retaster insignis + Also Green mud. 


ARCHASTERID. 
ARCHASTERIN ©. 
Archaster typicus . 
PENTACEROTID#. 


Pentaceros turritus . 


Pentaceropsis obtusatus 
Culcita novee-guinex 
GYMNASTERIIDZ, 
Gymnasteria carinifera 
ASTERINIDA, 
ASTERININE. 
Asterina exiqua : 
Asterina cepheus 
LINCKIID#. 
CH2ETASTERIN A, 
Chetaster longipes 
Linckuna, 
Fromia milleporella 
Ophidiaster cylindricus 
Letaster speciosus 


7. CORAL REEFS. 


BATHYMETRICAL ZONE. 


Littoral. | Continental. | Abyssal. 


Occurrence on other Deposits. 


4k. 


see 


Also Green mud. 


Also Sand, Green mud, and 
Coral mud. 


Also Sand. 
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LINCKUDA. 
LINcEIINA. 
Linckia miliaris. A S 
Linckia pacifica, var. diplaxw , 
Nardoa tuberculata . 5 
ECHINASTERIDA, 
ACANTHASTERIN &. 
Acanthaster echinites . ; 
MITHRODIINA. 
Mithrodia clavigera . ° 
ASTERIIDA. 


Asterias (Stolasterias) tenuispina 


Asterias (Stolasterias) gemmifera 


BATHYMETRICAL ZONE. 
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Occurrence on other Deposits. 


Littoral. | Continental. | Abyssal, 
+ “% a6 
+ on eee 
aS a see 
+ cee eee 


++ 


II. ABYSSAL DEPOSITS. 


ARCHASTERIDE. 
PARARCHASTERIN E. 
Pararchaster pedicifer . ¢ 
Pontaster forcipatus, var. echinata 
Pontaster venustus . ‘ : 
PLUTONASTERINE. 
Dytaster spinosus  . . . 
Dytaster exilis . ° . 
Dytaster exilis, var. gracilis. 
Dytaster biserialis . 5 . 
Plutonaster bifrons . 9 . 
Lonchotaster tartareus . ° 
PORCELLANASTERIDA. 
PORCELLANASTERIN &. 
Styracaster horridus é 6 
Styracaster armatus P 
Thoracaster cylindratus . C 
PENTAGONASTERID/. 
PENTAGONASTERINE. 
Paragonaster cylindratus . 
PTERASTERIDE. 
PTERASTERINE. 
Hymenaster nobilis . : < 


Hymenaster formosus 
Hymenaster sacculatus . 


(ZOOL. CHALL. EXP.—PART LI.—1888. ) 


a, GLOBIGERINA OOZE. 


BATHYMETRICAL ZONE, 


Littoral. | Continental. | Abyssal. 


++tet4 


++ 


+ 


++4 


+ 


Occurrence on other Deposits, 


Also Diatom ooze. 


eoeeee 


Also Pteropod ooze. 


Also Blue mud, 


90 
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BATHYMETRICAL ZONE. 


Occurrence on other Deposits, 


Littoral. | Continental, | Abyssal. 
PTERASTERID. 
PTERASTERIN E. 
Hymenaster carnosus . ose . Te tomcat 
Hymenaster vicarius 6 860 oe Ns ho RINE ore 
Hymenaster cxlatus : ono foc a | (an ing csr 
Hymenaster crucifer 6 00 2 S|) G0 eee 
Hymenaster porosissimus . Be Ce) ee we ScnSc 
Hymenaster graniferus . Bac Se GM Seay code 
Hymenaster coccinatus . Sc oe WEY wen hee Ionoten 
Hymenaster prxcoquis . oO + Also Diatom ooze. 
E-CHINASTERID. : 
EcHINASTERINE. 
Cribrella compacta . ° + ap eee 
BRISINGIDA: 
Brisinga membranacea . : + Also Diatom ooze. 
Freyella echinata . 0 as ee + Also Blue mud. 
Freyella fragilissima —. ; + Also Diatom ooze. 
Freyella dimorpha . . a eas Fo |) tale! WE Sescana 
Freyella tuberculata ° 000 sas EW do eericac 
b. PreropoD Ooze. 
BaTHYMETRICAL ZONE. 
Occurrence on other Deposits. 
Littoral. | Continental. | Abyssal. 
ARCHASTERIDA, 
PARARCHASTERINE. 
Pontaster venustus . ° Soc 500 + Also Globigerina ooze. 
PLUTONASTERINA. 
Plutonaster notatus . ; ct | AR ares 
STICHASTERIDA. 
* — Neomorphaster eustichus . SA OOS eerie 
PTERASTERIDA, 
PTERASTERIN A. 
Hymenaster anomalus . ef (abe tc 
BRISINGIDA. 
Brisinga cricophora c + eo il = * Senéne 
c. Dtatom Ooze. 
BATHYMETRICAL ZONE. 
Occurrence on other Deposits. 
Littoral, | Continental. | Abyssal. 
A RCHASTERID. 
PARARCHASTERINE. 


Pararchaster pedicifer . 


PLUTONASTERINA, 
Lonchotaster forcipifer 


Also Globigerina ooze. 


PORCELLANASTERID. 
PoORCELLANASTERINA, 
Hyphalaster planus . 4 
PENTAGONASTERID. 
PENTAGONASTERINE. 
Chitonaster cataphractus . 
GYMNASTERUDA. 
Porania antarctica . 5 
PTERASTERIDE. 
PTERASTERINE. 
Hymenaster latebrosus . 
Hymenaster precoquis . 
BRISINGIDE. 
Brisinga membranacea . 
Freyella fragilissima : 


PORCELLANASTERID. 
PoORCELLANASTERIN &. 
Hyphalaster hyalinus  . 
BRISINGIDA. 
Freyella attenuata . : 


PORCELLANASTERID&. 
PoRCELLANASTERIN ©. 
Porcellanaster crassus . 
Porcellanaster eremicus 
PTERASTERIDA 
PTERASTERINE, 
Marsitpaster spinosissimus 
Hymenaster echinulatus . 
Hymenaster infernalis , 
Hymenaster geometricus . 
Benthaster wyville-thomsont 
BRISINGID#. 
Brisinga discincta . . 
Freyella remex - 
Freyella benthophila 
Freyella heroina . : 
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d. 


BATHYMETRICAL ZONE. 


Littoral. | Continental. | Abyssal. 

eee eee =a 
eee = + 
oe ane + 
eee eee ar 
eee eee =I 

oe ee oP 

oe . + 


RADIOLARIAN Ooze. 


BATHYMETRICAL ZONE. 
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Occurrence on other Deposits. 


Oeeeee 


Also Globigerina ooze. 


Also Globigerina ooze, 
Also Globigerina ooze. 


Occurrence on other Deposits. 


Littoral. | Continental. | Abyssal. 
eee ace + 
. oo aP 


e. Rep Cay. 
BATHYMETRICAL ZONE. 
Littoral. 


Continental. | Abyssal. 


Occurrence on other Deposits. 


++ 
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LIST OF THE KNOWN SPECIES OF RECENT ASTEROIDEA (SUB-CLASS 
GEOGRAPHICAL AND BATHYMETRICAL 


New species discovered by the Challenger are marked *. 


ae - RANGE aN NATURE OF THE SEA- 
LOCALITIES. ae - Bomon 
Order PHANEROZONIA, Sladen. 
Family ArcnwasTeripZ (Vi- 
guier), Sladen. 
Subfamily ParaRcHAsTERINs, 
Sladen. 
Pararchaster, Sladen, 
Off E.* coast of N, America; ; 
* 
P. armatus, Sladen. { en ; \ 1250-1350 | Blue mud. @) 
*P, antarcticus, Sladen 5 « || 6b" 49) 0" 'S., 79° 49’ 0" I, 1675 Blue mud. (2) 


*P. policifer, Siaden, 1 | 8 SEE eae Wot } 1600-1900 | {reer rie te 


Crozet Islands. gerina ooze. 


*P. semisquamatus, Sladen . . | S. of Japan. 565-1875 | Blue mud; Green mud. |(4) 


* Pe : . 

ms petencne soe ee \ Off E. coast of N. America. 1240 or 1700 | Blue mud. (5) 

P. simplex, Perrier, sp... . | N. of Cuba, 1323 vie pene coees (6) 

*P. spinosissimus, Sladen . . | Off Island of Ascension. 425 Volcanic sand. (7) 
Pontaster, Sladen. 


*P, forcipatus, Sladen. . .| Off E, coast of N. America. 1240-1700 | Blue mud, (8) 


*P, forcipatus, var. echinata, {| Between Marion and the eee 
Sladen , A ; { Crozet Islands, \ 1375 Globigerina ooze. (9) 
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EUASTEROIDEA), WITH THE PRINCIPAL LOCALITIES, THE GENERAL 


DISTRIBUTION, AND THE SYNONYMS. 


GEOGRAPHICAL AREAS, 


= North Atlantic. 
S South Atlantic. 
| si Indian Ocean, 
4 Southern Ocean, 
4 Eastern 
: Archipelago, 
a North Pacific, 
Ss South Pacific. 
= Littoral, 
‘ 0-150 Fathoms. 
rol Continental, 
*~ 150-500 Fathoms. 
p Abyssal, greater 
* than 500 Fathoms. 


Previously known species collected by the Challenger are marked ~. 


SYNONYMA AND REMARES. 


Q) 


(2)... 


@)) ... 


(|... 


(5) 


(6) 


47) wi-13 


(8) 


(i 2.6 


| 
} 
| 


> 


> 


eens 


eee eee 


eee eee 
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PHANEROZONIA. 
ARCHASTERID:. 
PARARCHASTERIN &. 


Pontaster, Sladen. 


*P. hebitus, Sladen . ° 


P. limbatus, Sladen . . { 


*P, mimicus, Sladen . . 
P. mirabilis, Perrier, sp. . 


*P. oxyacanthus, Sladen. 5 
*P, planeta, Sladen . ° 

*P. pristinus, Sladen . 

*P. subtuberculatus, Sladen . 


P.  tenuispinus, Diiben and 
Koren, sp... . ° 


P. tenwispinus, var. platynota, 
Sladen . 2 q 


*P. teres, Sladen : - 


*P. trullipes, Sladen . ° 
*P. venustus, Sladen . . 


*P. venustus, var. robusta, Sladen 


P. (?) coronatus, Perrier, sp. 
P. (1) echinulatus, Perrier, sp. 


P. (?) pulcher, Perrier, sp. . 


LooaLiti&s. 


THE VOYAGE OF H.M.S. CHALLENGER. 


Off E. coast of N. America . 


Faerée Channel; W. of Ire- 
land ; 8.W. of Scilly Islds. 


Arafura Sea, 


West Indian area. 


S. of Japan. 

W. of S. America. 
E. of S. America. 
E. of Australia. 


Faerde Channel; Scandina- 
vian coasts ; Spitzbergen. 


Faerde Channel; W. of Ire- 
land. 


Banda Sea. 
W. of Luzon (Philippines). 


E. of Azores. 


Off Cape Verde Islands. 
Off Morro-light ; off Havana. 


Gulf of Mexico ; off Cuba. 


St. Vincent. 


RANGE IN 
N Sxa- 
Faruous, | BOTTOM. 
85 Gravel, stones. (a) 
\ 10040; } tas (2) 
800 Green mud. (3) 
Coral sand, broken 
56-1030 shells, mud and ;|4) 
hard ground. 
345 Green mud. (5) 
245 Blue mud, (6) 
2650 Blue mud. (7) 
950 Green mud. (8) 
\ 70-778 east (9) 
\ o260s | fm eee (10) 
140 Blue mud. (a1) 
1050 Blue mud. (12) 
Pteropod ooze; Glo- 
TW { bigerina ooze. \ Ce 
eee (14) 
DLO=805 | ae weseses (a5) 
Coralsand soft coral- 
84-229 { line ooze. \ (8) 
573 Fine sand and mud. _—_—{q17) 


REPORT ON THE ASTEROIDEA. 719 


BATHYMETRICAL 
GEOGRAPHICAL AREAS, TONES! o 
= ahaa 
Si5)| 18 ; g eile ; a) 4/86 
Be eS CER g| 418] ,81a8l3 3 Borrom SyNonyMA AND REMARKS, 
Ss | Searels) <8 8 | 4) 88 | £8 | Temerrarore: 
of ee eS aes) ee |S 2 | dq | 4 | FanRennerr. 
FI eect | cat) ase | 3c 
¢|/2/4/2 /82] € | 3 |4e/ #8 | as 
SN aE) SN <a ina epee 
a n (3! RD ra) m6 | 45 
ea > 
1 ES) S| EV; V. | VI. | VIL L. (on A. 
Oye [sn Gee BOO EN e IR eae 


= Al| ook eal lee (eee eae (so 


yell Ghee lacey lap howe sek nese 39°°5 


= Archaster mirabilis, Perrier ; Cheiraster mira- 
bilis, Perrier, 


To) 8G PAR 38252742" 


coRal etal esrell topenell) Ohel|isec 41°] 


oa hers REO fas OF. A Mahe 46°:0 
Stal Meera | Wecrscaal esc || veocee lh cc's ail Perseis | sores A O27 


ste Merce sallcaeal| Ges 36°°5 


=Astropecten tenuispinus, Diiben and Koren; 
Archaster tenwispinus, Sars. 


L| C | A | 30*-0-45°-1 


TL iC Are 292-2 3070 


EN lode li teeek| Mees el eA 37°°0 


A | 35°-9-40°-0 
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RANGE IN _ en 
: D ; ATURE OF THE SEA- 
tna a Boros 
PHANEROZONIA. 
ARCHASTERIDE, 
Subfamily PLuToNAsTERINA, 
Sladen. 
Dytaster, Sladen. 
*D. xquivocus, Sladen. : . | Arafura Sea. 800 -| Green mud. @) 
*D. bisertalis, Sladen» . | Between Madeira and Azores. 2025 —|_ Globigerina ooze. @ 
*D. exilis, Sladen - : . | W. of 8. America. 1375 Globigerina ooze, (3) 
*D. exilis, var. carinata, Sladen . | Off coast of N. America, 1700 Blue mud. (4) 
*D, exilis, var. gracilis, Sladen . | W. of Tristan da Cunha. 1900 |. Globigerina ooze. (6) 
*D. inermis, Sladen. . | N. of Celebes.’ 2150 Blue mud. (6) 
*D. madreporifer, Sladen . . | Off coast of N. America. 1240-1700 | Blue mud. (7) 
*D, nobilis, Sladen. 6 . | E. of Buenos Ayres. 2650 Blue mud. (8) 
*D, spinosus, Sladen . 5 3) | 36: 1070" Ne, 1784070": 2050 Globigerina ooze. (9) 
D. (2) grandis, Verrill, sp. . . | E. coast of N. America. 5 1106-2033 Beneee (10) 
Plutonaster, Sladen. 
*P, abbreviatus, Sladen 5 . | Off the Azores, | 1000 Voleanic mud. (11) 
*P, ambiguus, Sladen . G . | E. of Australia (off- Sydney). 950 Green mud. (12) 
Faerde Channel; coast of Por- 

tugal ; Mediterranean ( fide alae : 
*P. bifrons, Wyville Thomson, sp. {| Milne-Edwards); N. Ame- |} 210-1360 { Sen cee \ (as) 

rica; Barent’s Sea (fide . 

Norman). 
*P. marginatus, Sladen é . | Near Island of Ascension, 425 Volcanic sand. (a4) 
*P. notatus, Sladen. ° . | Near the Azores. 1000 Pteropod ooze. (15) 
*P. rigidus, Sladen. : . | E. of N. America. 1700 or 1240} Blue mud. ~ (16) 
*P. rigidus, var.semiarmata, Sladen | E. of N. America, 1340 or 1350 | Blue mud. 7) 


P. () agassizit, Verrill, sp.. . | E. of N. America. 182-1342 600500 (18) 


, 
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BATHYMETRICAL 
GEOGRAPHICAL AREAS, ZONES. 

Sells 6 || cI ; : a] 2/82 
om om a : -8 
218/38] 8/.8!) 8] 8 |.£/28/88|_ Borrow 
£ 3 3 iS) ie 8 2 || 88] &8 | Temperature: SYNONYMA AND REMARKS. 
= 4 ° a |/$a8] a & | 62] 3s] -& | FAHRENHEIT. 

q ie eaeey| ees 4 |BF/) 36 ]/do 
co a Ss ad Qo > B “solgs| 2S 
2 3 3 & B |eas| 65 | 25 
iS) 5 a B 4 oA DB T1Od | aa 
a R LJ real 2 So 6 | qs 

teu > 

rE TE) | DELS LV) We, |e Vlog | Vale |e. Cc A. 


35°:9 seaises 


eeetee 


36°°2 eoeeee 


35°°4 Sancod 


+ 
> > — PF SF bP 
oo 
Ss 
HX 


38°°9 saeens 
DIMEN itascni|f Macon |[encari|itsss illlcos |livese ||) cear|[tece InpAUMS Ong 37.o°0 2 Ses 
(@)]|) 200°|) “S] Ss6Ileoace || cee feeteen leodeel | ame beeen ful 32°°7 pesiaes 


(ON cco) coo. |] "eae || Go. || eps [meen licoealleqoaml epee 1 2 35°°1 BonGoe 


QU a | 6o0 ||) scab sl coce leicocm |lsocne lanca. | Wecoellleaceel|: 2: ace =Arechaster grandis, Verrill, 


rab) eae Nssce ll dco || co5 ||) casi edo: 4| one || geaml leper eek ack codonn 


(0) ocr. |) “ao I idoe Al Coordi Gee (hcan |) Sb lea ak I oN 36°°5 es, 


= Archaster bifrons, Wyville Thomson ; Gonio- 
pecten bifrons, Perrier, 


FORD ae I) cos, | cone | con Wisce | coo |i sacs |Icngell CO) 1) ZN || ieee ergs 


(G3) od6 Noam acon |) toda. oepullooe dares ll seul (OF It xe AQ See, ow, ol eagenee 


(EVS I SE oll foneul| Ga9, || cos Msace Ieecey It Se 39°*4 sess 


7 Neco ere hes hein te 36°-20r37°-2 ae 


(alg | 4 eco Wess -lcooo |! son Il cee 37°-2 savas 


> b> bb 


GES)| SP |S |) coo | osan||" esl ona Ih Gos Ill Gon ll) oes =Archaster agassizii, Verrill. 
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THE VOYAGE OF H.M.S. CHALLENGER. 


LOocatirizs. 


PHANEROZONIA. 
ARCHASTERIDA. 
PLUTONASTERINE. 


Plutonaster, Sladen. 
Sub-gen. Tethyaster, Sladen. 


P(E) paral, saan and 


Koren, sp. 


Lonchotaster, Sladen: 
*L. forcipifer, Sladen . 


*D. tartareus 


Sladen. 
Pseudarchaster, Sladen. 
*P. discus, Sladen 
*P. intermedius . 
*P, tessellatus, Sladen. 
Aphroditaster, Sladen. 


*A. gracilis, Sladen 


P. (T.) subinermis, Philippi, sp. 


P. (T.) parelit, var. longobrachi- 
alis, Danielssen and Koren 


Subfamily PsrvDARCHASTERINA, 


Subfamily ArncHasTERIN”, Sladen. 


Archaster, Miller and Troschel, emend. 


A. angulatus, Miillerand Troschel 


Mediterranean area; off Li- 
beria (fide Studer). 


N. of Ireland ; Finmark ; Lo- 


foten; coast of Norway; off - 


Shetland; E. of N. America. 
Off the coast of Norway. 
62° 26’ 0" S., 95° 44’ 0” E. 
53° 55’ 0" S., 108° 35’ 0". EF 


Between the Canary and Cape 
Verde Islands, 


Messier Channel. 


S. of Nova Scotia, 


Simon’s Bay (C. of Good Hope). 


Off the Azores.} 


Mauritius; Philippine Islands; 
Java (?); Port Darwin ; 
Torres Strait; Freemantle, 
W. Australia; New Gui- 
nea ; Fiji-Islands (fide Stu- 


der). 


RANGE IN 
DEPTH : 
FatHoms. 


\ 50-100 
155-1608 


115-220 


| 1950-1975 


\ 2400 


‘147 
85 


(?) Shallow. 


1000 


Shallow. 


NATURE OF THE SEA- 
Bottom. 


eeecce 


| Sandy clay, 


Ooze and sandy clay. 


Diatom ooze. 


Globigerina ooze. 


Blue mud. 
Gravel and stones. 


2 


Volcanic mud. 


teens 


@) 


(10) 
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723 


BATHYMETRICAL 
GEOGRAPHICAL AREAS, TONES: 
2) ag age ieedieae |e” | fat eee taeta 
2/2] 2/2/28) 8] 8 | 8/28] Zs |_ Boron 
= 3 Gul, Otis es a | €3| 83) 3 | TEMPERATURE: SYNONYMA AND REMARKS. 
4a/—4])/o5)]8/3e|% | & | Se) ge) 28] Faneeynen, 
Oo C4 aq q 5 = Pol} sc 
a | 3 ae eeule se 3 | ol Bo| a6 
= 6 3 3S | # 3 |Hn | 8a] 25 
SPS anh Smet a lie | mt || eau ens 
Z|] wm n =) n| 74 
1 Te pes | sVien | AVE eaves |) VALE |) aise Cc. A. 
= Astertas subinermis, Philippi; Astropecten subin- 
q@y) + Be. htcon 3 |) e856 ae L 3 “me ermis, Miller and Troschel; Archaster subiner- 
mis, Perrier ; Goniopecten subinermis, Perrier. 
=Astropecten parelii, Diiben and Koren; Ar- 
ae °.9_ 44% p po » Vu > 
(| + en | ees ce. ||| see ae Son) Ma | AN eyewear chaster parelii, Sars, 
(3)} + S|) coc L C 56 | ee 8G A 
(4) oF . A aj | oa ne a De eee 
«| + Aa oer it oe ss A BOtOm ie |e ene: 
{)|\eerele al ste 5 tll eer : + | L Ree coon | ©) Scaacac 
(=| + 50 a & SO SP ieenbee 
(8) + 06 q ba coe, Fee p> ose ee ee 
(9)) + ae aA ale) NOG Cg Esra 
(10) Sort etean imee eh |ansts ap led I] cas lane Sel Biel 2a? Ee cues Sanat’ 


PHANEROZONIA. 
ARCHASTERID. 
ARCHASTERINE. 


Archaster, Miiller and Troschel, emend. 


*A. typicus, Miiller and Troschel 


Archaster non sensu stricto :— 
A. americanus, Verrill 
A, bairdii, Verrill 

. efflorescens, Perrier 

. flore, Verrill} 

. formosus, Verrill . 

. insignis, Perrier , 


. robustus, Verrill . 


pap &— BP BP Bw H& 


. sepitus, Verrill . 


ARCHASTERIDA incertz sedis ¢ 


Benthopecten, Verrill. 
B. spinosus, Verrill . . 


Blakiaster, Perrier. 


B. conicus, Perrier . 
Chetraster, Studer. 

C. gazelle, Studer 

C. pedicellaris, Studer 

C. (1) folind, Perrier . 


THE VOYAGE OF H.M.S. CHALLENGER. 


Locatirizs. Dea NAnVEY OF tae SEES 
FatHoms. ; 
Eastern Archipelago; Pelew 
Islands; New Guinea; Port 
Darwin; Port Essington ; 
Cape Grenville ; Port Deni- Shallow 


son; New Caledonia; Fiji 
and Tonga Islands; Nico- 
bar Islands; Andaman Is- 
lands ; Mergui; Japan (2%). 

E. coast of N. America, 

E. coast of N. America. 

N. of Havana. 

E. coast of N. America. 

E. coast of N. America. 

N. of Havana, W. of Tortugas. 

E. coast of N. America. 


E. coast of N. America. 


E. coast of N. America. 
Off Grenada ; off Havana. 
N.W. Australia. 


Off E. coast of Australia. 


“Talisman” dredgings. 


to 250 


45-225 
351-396 
955 
86-410 
1467-1608 
1930 
938-1467 
368-858 


855-1917 


92-175 


195 
550 


1 Probably either Bathybiaster or Psilaster (?). 


eeeeee 
seeeee 
feeece 
neces 
eeenee 
eoeeee 
eeeeee 


trees 


Grey mud. 
Globigerina ooze. 


eeccee 


\ Coralreefs; Greenmud. |(1) 


(10) 


qi) 


a2) 


(18) 


(4) 
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BATHYMETRICAL 
GEOGRAPHICAL AREAS, ZONES. 
é . 2 : f a alu a 
a) 3 2 Owner NS 3 | 4] 88 | &s | Temeeratvre: SYNONYMA AND REMARKS. 
Se S| re SE es ene Is =| 25] 4 | Faurenueir. 
a\/al2|2 84] 2| #2 |3e/338| #3 
Seria le eerie: tos) a St bess 
a2)al"l 3 alae le | Cell as 
Les] +S 
I It, | Ill. | Iv. DV fers |) aban) || AVALI.| |e Cc, A. 
ee (emer eae aaaioen [Sebaiees | eee a 
Incl.: Astropecten stellaris, Gray; Archaster 
Q) pestil vate | mesculmeetralirda lets eda | a* Ios. oe nicobaricus, Mobius. 
(2) te | ore lirorrays||( loco Pract kssomlh seal Maur le (Ow Niner 00 
(¢)) ee Se aalllsce sovilleccen|L © ws ee 
(A) tees |erere sso || eset ete ore Pecteeoa Pho ate llr: fl eer ws tA 39°°5 
Ol awel I inael |fieoien |liresail|| level ||[eee) |] lu C. ||... see Iam unable to classify these species from the 
descriptions published ; they are not referable” 
(6) steal eagles ellie Pm A to Archaster as now limited. 
a) + age | eae Bull asoed hc A B9eD 
(B)| eats liars | eceoas |eecen ines tc: | seoSe [te A tas 
CO] eta eet sect lk ceed (pee el ieaneman ent] (an Oem Ua es 
(OO) ae 1! Good" doce IN sors |} ace Mooe: | (cade meraul) tonal | 7s\ Sa popooc 
(1) eta | Mereronel |fatecorem | Peevareas | erarsete | verse Meee tei LE ea Oya rane ses Acotor 
(12) oP coe C eee fae te 
(CBS)F aces} c6a..|| cae. loos. || caseelll Snell Sa ea lead Ak ae bone 
(4)) + Samia libeietet Ni uestens tacrscel tr caer Allie aan pence sr oauh pees Sista Not yet described. 
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PHANEROZONIA., 
ARCHASTERIDE, 
ARCHASTERINA. 
Crenaster, Perrier. 


C. martonis, Perrier . < 3 


C. mollis, Perrier. ; 


Gontopecten, Perrier. 

G. demonstrans, Perrier , 
. edwardst, Perrier . 
. tnermis, Perrier 


. tntermedius, Perrier 


RRQ RQ QM 


. subtilis, Perrier . 


Pectinaster, Perrier. 
P. filholi, Perrier 


P. insignis, Perrier 


Luidiaster, Studer. 


L. hirsutus, Studer 


Odontaster, Verrill. 


O. hispidus, Verrill , 


Family PorcerLanaAsTer 1D, Sladen. 


Subfamily PORCELLANASTERINE, 
Sladen. 


Porcellanaster, Wyville Thomson, 


*P. cxruleus, Wyville Thomson . 


LOCALITIES. 


26 THE VOYAGE OF H.M.S. CHALLENGER. 


NATURE OF THE SEA- 
Borrom. 


“Talisman” dredgings. 


“ Talisman ” dredgings. 


Santa Cruz; Nevis.} 
“Travailleur” dredging, No. 36. 
“Talisman” dredgings, 

N. of Havana. 


N. of Havana. 


“Talisman” dredgings. 


“Talisman” dredgings. 
N.W. of Kerguelen Island. 


Off E. coast of N. America, 


E. of N. America. | 


437-820 


1092 


355-451 Sand and grey mud. 


1416 


519-1092 


833-955 


ceeeee 


1930 


656-1366 


ceeeee 


2731 


130 Sand. 


56-487 


eoecee 


(906-1917, 
Vernill), 


Blue mud. 
1240-1350 


(1) 


@) 


(10) 


a) 
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BATHYMETRICAL 


GEOGRAPHICAL AREAS, ZONES 


Borrom 
TEMPERATURE: SYNONYMA AND REMARKS. 
FAHRENHEIT. 


North Atlantic 
South Atlantic. 
Indian Ocean, 
Southern Ocean, 
Eastern 
Archipelago, 
North Pacific. 
South Pacific, 
Littoral, 
0-150 Fathoms. 
Continental, 
150-500 Fathoms. 
than 500 Fathoms. 


bd 
4 
La 
= 
= 
L nl 
4 
A 
4 
= 
4 
_ 
= 
i] 
Q 


| p> Abyssal, greater 


s 


(Gill te Ne cdee || oaae |b acca Imcoced lacie lbcrcen | cGeseen (ra On rs eee Not yet described. 


ON ab Reed Is creel | coeael |meciachal eeora marie | seer | emarea Leerst 555 Not yet described. 


(Sy actos alinecttellWeaset| eset lfcees: ill eawe. ‘[bcetey igesey tel dae 42°°5 Socees 


eee sence 


Not yet described, _ 


+ 
> > > 


Cy S53 en peal | ieee | Weert | leorenn lose leicuetd lees 39°°5 aelatsls 
(| + i eet F 39°°5 severe 
(eect eee [eee less, lesen |eeem | tose [eeecn lvoe |) 2A. sae Not yet described 
(Nh SBI lace. Me soc ell Goal | coal lane #| Nieconnl (ocodh een (mee: ea Not yet described. 
GD assed Hite Peete galcon alll searilivee ie Ma tne ea O. We ye 
rable Gee || code || cecal (ecacel Wceciel | rice, | Kae! Oyen pak Ci Mila An aeeses 


CIE N tas |isto-slor| | occtews lMdereeull| totes | aecerelhietacs is arc ||be atebl eae Sine 2 en] Cae a urate 
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PHANEROZONTA. 
PORCELLANASTERIDA, 
PORCELLANASTERINE, 


Porcellanaster, Wyville Thomson, 


*P, caulifer, Sladen , 


*P, crassus, Sladen , 
*P. eremicus, Sladen , 
*P. gracilis, Sladen, 


P. granulosus, Perrier 


P. inermis, Perrier , 


*P. tuberosus, Sladen . 


THE VOYAGE OF H.M.S. CHALLENGER. 


P. (?) pedunculatus, Perrier 


P. (2) sladent, Perrier 


Styracaster, Sladen. 
*8. armatus, Sladen . 


S. edwardsi, Perrier . 
*8. horridus, Sladen , 


S. spinosus, Perrier , 


Hyphalaster, Sladen. — 
HT, antonii, Perrier , 
*H. diadematus, Sladen 
*H. hyalinus, Sladen , 


*TH. inermis, Sladen 


LOcALITIES. 


Arafura Sea. 
3d42900" Sl 38225 0CRWe 


Between Cape of Good Hope 
and Tristan da Cunha. 


W. of S. America. 


Cape Blanco; coast of Sahara; 
off Arguin, 


N.E,. of San Miguel (Azores) ; 
off Arguin, 


South of Japan. 
Off coast of Spain. 
Off coast of Morocco. 


Near Caroline Islands, 
Off Cape Verde Islands, 


Between Island of Ascension 
and coast of Africa. 


N.E. of San Miguel (Azores), 


N.E. of San Miguel (Azores). 
W. of South America, 
7° 25’ 0" S., 152° 15’ 0” W. 


South of Japan. 


RANGE IN 
= NATURE OF THE SEA- 
Taso Borrom: 

800 Green mud, Q) 
2335 Red clay. © (2) 

\ 2550 Red clay. (3) 
2225 Blue mud. (4) 

} 1268-1749 at (6) 
i 1637-1749 nie (6) 
1875 Blue mud. (2) 

1S 7) OS | ears (8) 
784-1038 Paces (2) 
1850 Globigerina ooze. (10) 
1987 sedis (11) 

\ 2350 Globigerina ooze, (12) 
LOST geen Bieceee (13) 
163%e 7 ie ewiieesches (14) 
2160 Blue mud. (15) 
2750 Radiolarian ooze. (16) 
1875 Blue mud. (7) 
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GEOGRAPHICAL AREAS, ne aa 
Bo S |) 2 |) a aimee 3 a] .#|8 A 
ele ell en eeali ese essen | eon) Sessa Borrom 
x & 5 Onn erst 4g 8 |e] se] $3 | TEMPERATURE: SYNONYMA AND REMARKS. 
> > [o) oo RS ed oD 
4] _4 S128) 4 | & | Ss) Ge | je | FAaReNHErr. 
ae il al 2) Seb ed ie Sse |) ES 
ey |) eh | eh |) eet Ele os 5 |Hs| S| 25 
i] 3 iS) al 
S 5 A 2 4/2 G T/O4d|a68 
a n n r) 2i|< a 
i Te. |) TE, |) BV, Wa Vie.) VET.) GL ©: A. 
(aii tcce |} oe + eefeh lle e's |e SOD NR) Racer 
Q) + Nee cA BY ee Sn (nN cer 
(3) ak a - all S4e:Oe el) am) aaenreneree 
(4) nee + A 30 te ORM tat (el | nas tere 
@)IP oy AI ese 5 Gog Re AG ate sect |) 2 st Rete 
(6)} + Seca 'lh gas JNA ae ey) | esocee 
(7) ‘ + A SOE oe (|e) 0 ees ccrsc 
(S| + | see coe | cee = Caulaster pedunculatus, Perrier. 
Q)} + 60 A = Caulaster Sladen, Perrier. 
Q0)) ... Borie iescrs | Paceeal ees 3 A 35°-4 seeeee 
Ql) + Pel bates moses 
(2)... oP . A 34°°:0 Spode 
(EG||' 8 Ml co6: || ce Sc A Oe 9 S600 
(a¥5)) es cess 340 || 00 A Be a ee00n56 
(15) on 5 + A 35°-2 Benen 
(16) ae + A F057] | sicterer> 
a7) a A 35°:3 eases 
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THE VOYAGE OF H.M.S. CHALLENGER. 


RANGE IN 
NATURE OF THE SEA- 
7 D 5 
LocaLities Egae tata Borrom. 
PHANEROZONTA. 
PORCELLANASTERIDE, 
PORCELLANASTERINZ. 
Hyphalaster, Sladen. 
HI, parfaiti, Perrier . Gulf of Gascony. 2610 Cd © i eassee 
*H. planus, Sladen 038500 04S. 108 3540" EP 1950 Diatom ooze. 
Thoracaster, Sladen. 
* Pep Between the Canary and Cape |}. oe des 
T. cylindratus, Sladen Vide telende j 2400 Globigerina ooze. 
Pseudaster, Perrier. 
P. cordifer, Perrier N. of Azores, DONG WM BM eee 
Subfamily Crenoprscixa, Sladen. 
Ctenodiscus, Miiller and Troschel. 
*C. australis, Liitken . E. of South America. 55-600 Sand ; Green sand. 


C. corniculatus (Linck), Perrier 


*C. procurator, Sladen 


Family Asrropecrinipz, Gray, 


emend, 


Subfamily ASTROPECTININE, 


Sladen, 


Craspidaster, Sladen. 


*C. hesperus, Miiller and Troschel, { 


sp. C 


Scandinavianand N, American 
coasts ; Greenland; Spitz- 
bergen and Nova Zembla; 
Kara Sea. 


W. of South America. 


China; Japan; Philippine 
Islands; Banka Straits ; 
Singapore. 


40-1325 


10-20 


Mud and soft clay, 
hard occasionally. 


Blue mud. 


Mud. 


(3) 


(4) 


@) 


(8) 
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BATHYMETRICAL 
GEOGRAPHICAL AREAS, Onna 
s 3} : =} . ao] wo 
1] oS a a 3 : $ a < 2s 
2/212) 2/281 8/2 |! (S| 2 |,.Bom 
rae esse Salle oo tesa lees s | 33/88 | &e | Temperature: SYNONYMA AND REMARKS. 
4 4 = A 12a) Aa Sé |.35 | ~4 | Faurenueir. 
a) a a fy) [lies | cel 4a /3 Bo |3o 
2) pete erst |i eel aia Nas 2/88] 63| 2s 
6 5 a 3 al S 5 Er Sete || 
A le | eB Be kl size 
et s 
I. TES | LET) | SV) | avec aval, | VALS) |) Cc A. 
qj + 5 oe ANG upto. | hati (| nee 
@)) --- =f 5 pia Oe a nn og 
(SM tOM |Weeon| |(Weser laeeci fee set ll oc | ese lien ling. IRcAL 36.7650 Dy RY a Bees: 
(| Bie eee ||(asserl|itese 0 |ceed lirose || cesueliaren. I en Nes 860.2. IN iu eerie 
()| Goo. || see }| sooo |} aaa d) kaoe | eoce ll: Goaen hi aes Wi (Gy eI Nall) SYP less eh ens 
= Astropecten corniculatus, Linck. Incl.: As- 
terias crispata, Retzius; Asterias polaris, 
Sabine ; Astertas arancia, Dewhurst ; Astro- 
5 a °, on pecten polaris, Gray; Ctenodiscus polaris, 
©} = 5 Sor | Poca ccc lceea lace) a C A | 30°5-41°3 Miiller and Troschel; Ctenodiscus pygmexus, 
Miiller and Troschel; Ctenodiscus crispatus, 
Diiben and Koren; Anodiscus crispatus (Val. ?) 
Perrier, 
(|| oa5 |} cone |! "Goa: |fa00: || Bho lfecca ot oal| Oy eR Ih ZANT SYR ete Re) SO0CE 


(8) ae ae I =Archaster hesperus, Miiller and Troschel. 
Pet, het ae lPoeemge betas cat Fa Sea he Se ne Incl. : Stellaster sulcatus, Mobius. 
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THE VOYAGE OF H.M.S. CHALLENGER. 


LOCALITIES. 


RANGE IN 
DEPTH: 
FATHOMs. 


NATURE OF THE SEA- 
Borrom. 


PHANEROZONIA. 


ASTROPECTINIDA, 
ASTROPECTININE. 


Leptoptychaster, Smith. 
*T. antarcticus, Sladen ; { 


LL. arcticus, Sars, sp. . : { 


*I. arcticus, var. elongata, Sladen 


*L. kergquelenensis, Smith 


Moiraster, Sladen. 


M. magnificus, Bell, sp. 


Astropecten, Linck. 


eA 


Sp P SB BP 


A, 


Ar 


ee 


acanthifer, Sladen 


. alatus, Perrier, 
. alligator, Perrier . 
. andersoni, Sladen . 
- antillensis, Liitken 


. arenarius, Perrier . 


- articulatus, Say 


. aurantiacus (Linné), Gray { 


bispinosus (Otto), ee and 
Troschel 5 \ 


brasiliensis, Miiller and Tros- \ 
chel_ : : J 


Between Marion and Kergu- 
elen Islands. 


Off North Cape; coast of Nor- 
way ; E. of N. America. 


E. of N. America. 
Kerguelen Isld.; Marion Isld. 


St. Helena . 


Banda Sea. 


Off Florida. 
Mergui Archipelago. 


St. Thomas ; Guadeloupe. 


2 


From New Jersey to W. Indies. 


Mediterranean; Adriatic; Ma- 
deira ; Canary Islands, 
Mediterranean ; Adriatic. 


St. Vincent; Fernando No- 
ronha; Brazil. 


aio { 


| 


j 


20-690 


85-1350 
10-100 


140 
t 
24 (1) 
10 
Shallow. 


2 


Shallow. 


10-100 


Hard ground (Gravel, \ a) 
shells). 


Clay, sometimes sandy. |(2) 


Gravel,stones; Bluemud.|() 


Volcanic mud. (4) 


Blue mud. 


seeeee 
eee eee 


(20) 


2 qa) 


(2) 


(13) 


GEOGRAPHICAL AREAS, BiB due 


REPORT ON THE ASTEROIDEA. 


Eastern 
Archipelago, 
Littoral, 
Continental, 
150-500 Fathoms. 


Indian Ocean. 
0-150 Fathoms. 


North Atlantic. 
South Atlantic, 
Southern Ocean. 

North Pacific. 
South Pacific. 


B 
= 
= 
Lal 
x 
A 
< 
H 
4 
= 
mn 
fo’ 


4 


wo 
ae | 
23 
ge Borrom 
f)2 | TEMPERATURE: 
7 | FAHRENHEIT. 
eo 
23 
Ba 

eo 
44 

oe 
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SYNONYMA AND REMARKS, 


Q) 


(2) 


(3) 


(4) 


(5) 


(6) 
@) 
(8) 
(9) 


Qo) 


(1) 


(2) 


(13) 


(4) 


5) 


let Sh tcl 


A | 30°-0-41°3 


A | 35°:0-37°°2 


= Astropecten arcticus, Sars; Archaster arcticus, 


Perrier. Incl. : Astropecten Liitkeni, Barrett. 


=Leptychaster kerguelenensis, Smith (olim). 


Incl.: Archaster excavatus, Wyville Thomson. 


= Archaster magnificus, Bell. 


Incl.: Astropecten dubius, Gray; Astropecten 


aranciaca, Gould. 


=(?) Astropecten echinatus major, Linck ; (?) As- 


tropecten stellatus, Linck ; Asterias aranciaca, 
Linné ; Stellaria awrantiaca, Nardo. Incl. : 
Astropecten crenaster, Dujardin and Hupé ; 
Astropecten perarmatus, Perrier; Astropecten 
meridionalis, Studer ; Astropecten antarcticus, 
Studer. 


=(?) Astropecten echinatus minor, Linck; Aste- 


rias bispinosa, Otto; Stellaria bispinosa, 
Nardo. Incl.: Astropecten myosurus, Perrier. 
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LOCALITIES. 


THE VOYAGE OF H.M.S. CHALLENGER. 


PHANEROZONIA. 
ASTROPECTINIDA. 
ASTROPECTININE. 


Astropecten, Linck. 


*A. brevispinus, Sladen 
A. buschii, Miiller and Troschel . 
A, caleitrapa, Lamarck 
A. capensis, Studer 
A, ciliatus, Grube 
*A. cingulatus, Sladen 
A. duplicatus, Gray . : { 


A. dussumieri, Perrier 


A, edwards?, Verrill . 
A. ertnaceus, Gray. “ | 


A. formosus, Sladen . 
A. fragilis, Verrill 
*A. granulatus, Miiller and Troschel 


A. hemprichii, Miiller and Tros- ( 
chel ! ; ol 
*A. hermatophilus, Sladen . 
A. hispidus, Miiller and Troschel 
*A. imbellis, Sladen 


A, indicus, Déderlein 
A. irregularis, Linck . ‘ 


*A. japonicus, Miiller and Troschel 


South of Japan. 
2 


q 


Table Bay (Cape of Good Hope). 


Puerto Cabello. 


S.E. of Pernambuco. 


Florida ; Vera Cruz; St. Vin- 
cent; Brazil (fide Perrier). 


q 


Off Auckland (New Zealand). 


California; Realejo; Panama; ; 


Guayaquil. 
Corea; W. of Niphon. 
Panama; Zorritos (Peru). 
Arafura Sea. 


Red Sea; Mauritius; Madras ; 
Mergui, 


Off the Azores. 
4 
Off the Philippine Islands. 


Ceylon. 


Coasts of Scandinavia and 


Britain; Mediterranean 


(fide Marion) ; off Liberia 


(fide Studer). 
Off Japan. 


ANGE IN NATURE OF THE SEA- 
FATHOMS. Bottom. 
345 Green mud. 
Y a 
q 2 


Hard ground (rolled 
pebbles, &c.). 


50 


32-400 Red mud. 
oem. ©“ Wy Fe © | raevere'y, . 
J 
2 q 
q q 
36-600) Fi) aeseece 
Shallow. Sand. 
28 Green mud. 
450 Volcanic mud, 
4 q 
100 Green mud. 
WOE RE Ie eee 
5-50. Sand; Blue mud. 
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GEOGRAPHICAL AREAS. BaTHYMETRICAL 
ZONES. 
Sh) Seales bees ilvres | taulaed [ees 
|| 3 s 3 S| an] & | Ela Bi26 Borrom 
Gi Ss ° fo) As 3) by a3)}44)/e38 : 
3 x 5 BS | 3s a | £2] 283] hs | TEMPERATURE: SYNONYMA AND REMARKS. 
BF] | et ay 2 | 2 & 
<q a] I 5 2 = - a 2 m8 iS we FAHRENHEIT, 
€|\2/8|4 /Fe| B | SB /Aag| ss| es 
S| toes rial) tema amar Wet irae | ey |) Orca eee 
cae |p) erate dl ate Wh aes a roy 3 ag 
ee 
Tr; TE |) TAT.) LV. |) Ve | VES) Vas |) Cc A. 
|) 006" lI) ado lheeeey one: | osaeen| Stee ll-aae || coculll 4 Oj | ease ry eae | oe  Sorroce 
@) od eeee |e Menesean » Wife). | a8 qimmeececees 
(8) BP cece cee |e hese) | AIA bo. or Rubee: 
| es |) L en Te ene Poca 
(6) + L ie Oy  eeoce: 
(ess |e ith if XG} OR i Meee ccna 
@) + Wn. it, ( Incl.: Astropecten Valenciennii, Miiller and Tros- 
( chel; Astropecten variabilis, Liitken. 
(8) : My i\eao|| tec Aeeereese ll eb Ge aie 
@)| 56] cdo doe. |f ose |) Gaal Maem esse) Op) Beil cee son he Sora 
(10)|Meroul|ieconllyascs)alisee |eccer|| tee) see | e { Incl.: Astropecten armatus, Gray ; Astropecten 
aan a Ne 1 Orstediz, Liitken. 
(11) see aoe eee eee eee Se ono) ene AReelSpcasit) © © odc. Welt = fm 8). | lodsero 
@EH)| od6- | Goce veces || oop I sec Ml Se ate Welevc | Bese clic “oy | Ee eebotc 
G63 coo |/soge | can | “en6 |! SEI) Goo allen eeebe ieece oa en we. wee). pocdce 
(G5 | apt) soos ||) seed | oad. | Peach |cee eesece || eet id lieaeen! | eee ae cence 
(byl ae lcoa tteceer || cae. jl] coup Secc!|| caew! | aoe ||) OH N saoel| Ueno sei |el 8 9 tel Blcteqcdon 
6) - er biGial | Asal accra | ee mr Bere sdc 
(ijl ectesta || toast exacon|fsiemliectrn||sceelieces. || Man | aeaeall fn, Soe MIL 9) OB eee: 
/a\| cos |! Seo: | ape) cae || Sach ||) Gace odd Sec tllercew ||» oy cael DT b Dolly Bank eaihisc cose 
Incl.: Asterias aranciaca, O. F. Miiller; Astro- 
TO) eset eects alee eee leece | °.0_4Q9°- pecten Miilleri, Miller and Troschel ; Astro- 
e) L | © | --. | 44° 0-49%4 pecten echinulatus, Miller and Troschel ; As- 
tropecten acicularis, Norman. 


FEM|! M00") coo || 6a8 [|lco8 [coc Ih geal 50 1] A Wee Ih Soo aoe serene 
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NATURE OF THE SEA- 


BOTTOM. 


eeeeece 


seneee 


eeseee 


RANGE IN 
LocaLitizs. DeEprtH: 
FatHoms. 
PHANEROZONIA. 
ASTROPECTINIDE. 
ASTROPECTININE, 
Astropecten, Linck. 
A, javanicus, Liitken . ; Off Java. 
A. jonstoni, Delle Chiaje Mediterranean ; Féhr Isld.(?) 20-35 
A, longispinus, Millerand Troschel | Off Java. 
A. mauritianus, Gray 6 Mauritius, 
* {| Off Tristan da Cunha; E. of pe 
‘A. mesactus, Sladen . 3 1 Uruguay (fide Studer). 44-90 
*A. monacanthus, Sladen Off the Philippine Islands. 20 Mud. 
A, notograptus, Sladen Mergui Archipelago. 
* . 8.E. of Australia; Port Phil- 

A. pectinatus, Sladen : | lip (fide Bell). 2 \ 6-40 
A. pentacanthus (Delle Chiaje), \ | Mediterranean ; Adriatic; Cape 5-115 
Miiller and Troschel , Verde Islands (fide Studer). a 

A. peruvianus, Verrill ; Payta (Peru). 

A. petalodea, Retzius, sp. . Nicobar Islands. 

A. platyacanthus (Philippi), Mediterranean; Adriatic ; 9.35 
Miiller and Troschel , Azores (fide Barrois). a 


*A. polyacanthus, Miiller and 
Troschel c 3 : 


*A. pontoporeus, Sladen, 


A. preissii, Miiller and Troschel. 


a 


A. richardi (Val.), Perrier. 


A. regalis, Gray. 


A. samoensis, Perrier. 


Red Sea; Mauritius; Ceylon; 
Andaman Islands; Port 
Jackson ; Australia; New 2-50 
Zealand; China; Japan; 
Admiralty and Fiji Islands. 
Off the Cape of Good Hope. 5-20 
W. and 8. W. of Australia. 


San Blas, San Salvador, Gulf 
of Nicoya. 


Off French Guiana. 


Samoa, 


(8) 


(10) 


a) 


a2) 


as) 
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(10) 


qa) 


(12) 


Qs) 


(14) 


(as) 


(6) 


Qa?) 
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GEOGRAPHICAL AREAS. pay ety 
a | & alae diose ie. |) ahuxa ee 
Bee, (ee eS feels ae | 28] 2S las | Borrow 
& Ss 3 Sy | Sul 8 |S] 8S] 8 | Temprrarore: SynonyMA AND REMARKS. 
S/S )}°2] 8/38] 8 | & |S] 88) 22 | Fagrengerr, 
SS) ga sae ale |S |2allge 
¢/3 [8/2 /Fe) By) B Ag] ss] es 
8 3 E B a)/e1|32 a1Od| Ba 
42j/a2)}" 1 a “| of Blas 
ee 
16 DP LTTE | eLsVien |e Vere paved avalos Tas Cc. A. 
4 iG, SE eS PE 4/4 
= Asterias Jonstoni, Delle Chiaje. Incl.: Astro- 
+ 15; eee pecten squamatus, Miller and Troschel ; As- 
£ q ee 3 
| tropecten aster, Filippi. 
5 + Ty Ih Ase; Mh alee ht sts te ey li ee meee 
+ | L cam OY 0 gee 
+ L tess UAL 8 ua) ee een 
+ IE; sec eee 
+ IE, tence 
cy (OL al ircepeleeeal|) © “poses <9 Ui) (S0 0) eM ae raderoe 
ae Th = Asterias pentacantha, Delle Chiaje. 
a5 || : + || % ap0 radon 
an na i, ae =Asterias petalodea, Retzius. Incl. : Astropec- 
jr ten euryacanthus, Liitken. 
+ L are = Asterias platyacantha, Philippi. 
Incl. : Astropecten hystrix, Miiller and Troschel ; 
| Astropecten armatus, Miiller and Troschel ; 
u a ae at It, |\ ene pe 4  Astropecten vappa, Miller and Troschel 3 As- 
| tropecten chinensis, Grube ; Astropecten ensifer, 
Grube. 
as if} ee ay | eh OS ienoucd 
BS ae Dal Meee eter ae ae | Me en Oeesh ea ons 
Incl, : Astropecten celacanthus, y. Martens ; As- 
rn L tropecten paleatus, Grube; Astropecten margi- 
: Q natus, Miiller and Troschel; (?) Astropecten 
spatuliger, Perrier. 
+ oe teceee 
0) eee see nee ee ies i OO Aaa Bao. — @toadee eal) 6 Se Wee aase 
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LOCALITIES. 


PHANEROZONIA. 
ASTROPECTINID. 
ASTROPECTININ A, 


Astropecten, Linck. 


A. schoenleinti, Millerand Troschel 


A. scoparius (Val. ee Miiller and 
Troschel 5 
A. serratus, Miiller and Troschel 


A. spinulosus Gatien Miiller | 
and Troschel . J 


A, tamilicus, Doderlein. 
A, tiedemannt, Miiller and Troschel 


A, triseriatus, Miiller and Troschel 
*A, velitaris, von Martens . { 


A. vestita (Say), Perrier 
*A. zebra, Sladen : a 


*A, zebra, var. rosea, Sladen 


Psilaster, Sladen. 


*P. acuminatus, Sladen 5 | 


P. andromeda, Miiller and Tros- 
chel, sp. 5 ; 5 | 


*P. cassiope, Sladen 
*P. gracilis, Sladen, ° 
*P. patagiatus, Sladen 


Phoxaster, Sladen. 


*P. pumilus, Sladen 


Off W. coast of Africa. 


Japan (fide Perrier), 


Bay of Biscay; Mediterranean. 


Mediterranean ; Adriatic. 


Ceylon. 
2 
Off S.W. Australia. 


China Sea; Amboina; N.W. 
Australia; Admiralty Islds. 


E. of North America. 
Torres Strait. 


Torres Strait. 


Simon’s Bay (Cape of Good 
Hope); E. of Australia; W. 
of New Zealand. 


Scandinavian and _ British 
coasts ; Bay of Biscay. 


Off the Cape Verde Islands. 
8. of Japan. 
Off the Cape Verde Islands. 


E. of North America. 


RANGE IN 
NATURE OF THE SEA- 
D : 
reroue Borrom. 
HO=3 0 Comps | hematin meretece 
4 q 
5-26. MM cet 
J 
8 Coral mud. 
6 Coral mud. 
Shallow ‘ 
f to 950 \ Green mud; Blue mud. 
\ 40-690 Clay, sometimes sandy. 
1875 Blue mud 
1240-1700 | Blue mud. 


a2) 


(as) 


4) 
(as) 


(16) 


a7) 
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BATHYMETRICAL 
GEOGRAPHICAL AREAS. ZONER! 
3 3 ¢ r=] : a| ea 
€ a & = = 
SS | gee (eels a | sal pele 
a ea a 
s 3 38 ° gS é E 22) 3) &3 | Temperature: SYNONYMA AND REMARKS. 
a a +a oe Paes ics 
erp dS a pmeetiotee | tea Se | ese leis 
I a Ro a a 2 | 2S aS 
a 3 <3 S a ia 3 HS wml Zo 
5 5 EI 3 4/2 5 515 4| es 
a R A) DR ue S ml ase 
Tt ess 
I. OR DOSS Ae ae AGU AA nal ie. Cc. A. 
ay || ood 4) cos. | hioboc|| ator |oucelt tose) LET) ode] Memmi s . ae wen 
Incl. : (?) Astropecten umbrinus, Grube. 
+ Incl. : Astropecten aranciacus, P. Fischer. 
cy = Asterias spinulosa, Philippi. Incl.: Astro- 
pecten archimedis (Val.), Perrier. 
°° 
sore |fiesrecoyem (acstotn|(tecofounl| cto ||| tru itMe-Fw |e Oerase in| eye dl | ee Ns ntscctests 
oe eoneee 


Clea 
Cl} A 
A 
A 


Probably incl. : Astropecten coppingeri, Bell. 


= (?) Archaster Christii, Studer (von Diiben 


and Koren). 


= Asterias aranciata (var.), Parelius ; A stropecten 


andromeda, Miller and Troschel; Archaster 
andromeda, Mobius and Biitschli. Incl. : 
Astropecten christi, Diiben and Koren; Ar- 
chaster christi, Perrier; Goniopecten chisti 
(err. typ.), Perrier. 
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RANGE IN 

LOCALITIES. DEPTH : 

.FATHOMS. 

PHANEROZONIA. 
ASTROPECTINIDA. 
ASTROPECTININE, 
Bathybiaster, Danielssen and Koren. 
*B. loripes, Sladen. ° W. of South America. 245 


*B, loripes, var. obesa, Sladen { 
B. pallidus, Danielssen and Koren 


B. vexillifer, Wyville Thomson, sp. 


Ilyaster, Danielssen and Koren. 


I. mirabilis, Danielssen and Koren 


Subfamily Lumina, Sladen. 


Luidia, Forbes. 


*Z. africana, Sladen . . { 
*Z. alternata (Say), Liitken { 
*L. aspera, Sladen, s { 


L. barbadensis, Perrier, 
bellonex, Liitken 
brevispina, Liitken 


californica, Perrier 


SiG a Sees 


chefuensis, Grube . > 


L, ciliaris (Philippi), Gray 


Off Kerguelen and Heard \ 75-127 
Island. > 


Off Norway and Spitzbergen. 412-1215 
Faerde Channel. 344 


Off the coast of Norway. 498 


Simon’s Bay (Cape of Good | f Shallow 
Hope) ; coast of Morocco. | ( to 128 


E. of North America; Florida; 


Tortugas; St. Thomas, Bahia. } oS 


Off Philippine Islands ; N. of 


New Guinea. i suet 


Barbados. 40-209 


Panama; Guayaquil; Callao. 
Sandwich Islands ; Mazatlan. 
California. 
Singapore. 


Faerde Channel; British 
Islands ; Cattegat; coast 
of France ; Mediterranean ; 
Cape Verde Islands (fide 
Studer). 


Littoral 
to 87 


NATURE OF THE SEA- 
Bortom. 


Blue mud. 
Volcanic mud. 


Clay. 


sence 


Clay. 


Volcanic sand. 


Green mud; Coral 
{ mud. 


Calcareous pebbles ; 
{ fine mud. 


\ jae 


\ (8) 


qd) 


(@) 


(3) 


(@) 


() 


\ () 


(4) 
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GEOGRAPHICAL AREAS. py tale 
Se se oe! all) || aes a| .4|82 
a |. 8 a 8 Piss eeeil| ge -||le g rE 38 Borrom 
3 & é ONES) las = | 84/88] &S | Temeeravure: SYNONYMA AND REMARKS. 
> o [Ise oO 
|) = a2 /28) & | & | Se) 2a] se | Faurenuerr. 
| 8 co) aig aq qd BS) mldo|ado 
| 3 || SSel e | S |ae| sees 
Ss 2 EI 2 4 =) 8 5 oa Ba 
A n =) DR o —) % 43 
I CTC || LET ps Is Vien ee Vjoy A leader |) \Wicleley | clas Cc. A. 
(2b) a6. |\ooah|ledoohWeaAsel| coos ||eccg |) >| vis. ||, (Ola leas AGO eee eee 5 
(B31) sco" )l] soos hieeooeal irtsanl ari leoas @boian tli dbp || see coe aes Sobran 
(jp P|] dea Goe || Resel|asae acm tan |) ode |) XG) yl oN a0 = Astropecten pallidus, Danielssen and Koren. 
| Mista Miccseb|ftrelsta||hvtcs ceil este 'areeishal| eraisienllnewieu||t amit ecets 30°°0 = Archaster vexillifer, Wyville Thomson. 
CS) | Met Dee [fercteiote IlResreistel\t storets [furarars ull) crorss ll Creve lahereet | Ou eer SOR OMe wll weamin SMR i vsrctenae 
@} + | + L DOM2n eR 
°, = Asterias alternata, Say. Incl.: Luidia granu- 
COMES | Pees | cee [eee | ete | oes B a eee Wecce 69°:0 Toda (Vali) Bersioe 
(3) + aN 2b; ; : 20 
©} 5 lca6 Ih aoa. If) ca0 |! choi aee || Seen AB tr nee cers ee 
GO} Goal] Goa) ode (ona. ||! acio, || taal esa] || Goce. II) aes TORE > ||: Wn Ce Merce 
(CHb]) Gar 1 saois| lett Ne bern lace leas el comer (ted Op] ete | eae siete UP be 9° ob Pwttercek 
CEOS) Beas I) ross Seaceset fiscioee | katara rie Saeco es teen tea eS eer eee 
(CS) |reneral|ecists(eeeintcthl| Wrecetll wekcten Gases le erorgaillt sea [leyaweey  eetes ene || || a eee Aen 
=Asterias ciliaris, Philippi; Asterias rubens, 
Johnston, Incl. : Lwidia fragilissima (pars), 
ag) + | Ts alesse leaen sis Forbes ; Asterias pectinata, Couch; Asterias 
| Imperati,DelleChiaje ; Luidia Savignyt (pars), 
| Miiller and Troschel. 
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PHANEROZONTA. 
ASTROPECTINIDE. 
Luripun2. 


Luidia, Forbes. 
*L. clathrata (Say), Liitken 


L. columbizx (Gray), Perrier 
L. convexiuscula, Perrier 


L. elegans, Perrier 


L. foliata, Grube 


*L.. forficifer, Sladen . 


LOocattriEs. 


RANGE IN 
DEPTH: 
FATHOMS. 


NATURE OF THE SEA- 
Borrom. 


| 


— 


L. hardwickii (Gray), Perrier | 


*Z. limbata, Sladen 


*Z. longispina, Sladen 


L. maculata, Miiller'and Troschel 


—“—- 


L. quinaria (von Martens), Sladen 


L sarsti, Diiben and Koren 


L. savignyi (Audouin), Gray 


L. senegalensis eae Miiller 


and Troschel . 
L. variegata, Perrier . 


Platasterias, Gray. 


P. latiradiata, Gray . 
eee 


| 


Carolina; Florida; Hayti; 
Martinique; St. Thomas; 
Bahia; Rio Janeiro. 


San Blas; Acajutla; Realejo; 
Puntas Arenas ; Panama. 


Barbados ; Montserrat; Gre- 
nada; St. Kitts. 


Strait of Florida; Barbados. 
California. 


Torres Strait ; 
Mergui. 


Arafura Sea ; 


Indian Ocean; Madras (fide 
Bell). 


Yokohama (Japan). 
Off the Philippine Islands. 


Mozambique ; Coromandel ; 
Ceylon ; Madras; Mergui; 
Java; Manilla; Japan. 


Off Japan, 


Coast of Norway; British 
Islands; Cape Verde Is- 
lands ( Jide Studer). 


Red Sea; Mauritius ; E. coast 
of NE 


Senegal; Guadeloupe; Ja- 
maica ; Brazil ; Cotinquiba. 


Breton Island (mouth of Mis- 
sissippi). 


- ‘Tehuantepec (Mexico).$ 


Snr Se nr eee 


Littoral 
to 374 


Volcanic sand ; madre- 
pore sand; broken 
shells; hard ground, 


-Calcareous pebbles. 


eerece 


eee eee 
teens 


Mud. 


Sand ; 


sand, 


coarse shell- \ 


(9) 


(10) 


an) 


(12) 


as) 


(14) 


(a6) 


a lita 
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BATHYMETRICAL 
GEOGRAPHICAL AREAS. Taxa 
So sean cs al eal | be ee aaeata 
alee | 8 S| qa | a a 38 & gE Borrom 
a q 3 f=) ag 5] BI —ro|8q od 
= & =) ° Er 3 g ea | 8% | && | TEMPERATURE: SYNONYMA AND REMARKS. 
= SS) a |2e)| & A | E | 4 | FAHRENHEIT. 
a|/2]4] 8 |g4| 24] |3e/38! 83 
Bel ea) enemas oie. na Saale 
io} zy 
zy wR al 3 A | 2 Tt rs a3 
I II TT LY; Wee) Vilsu |) VLE L. C. A 
=Asterias clathrata, Say. Incl.: Luidia gem- 
1 ? 
Cea eset Sas Als ieecull eseel|oseee hells qudeen (Vall MES)! 
(2) setae gee |e Sal ae i. Re Ti Cena s 7 =Petalaster columbiw, Gray. Incl.: Luidia 
tessellata, Liitken. 
“ 55°-25— | 
(3) roams eterno, 1] ( re cron |Wersiey Ihe yate est |e csas ye ets f ol A Sciec0c0 
Me pee | 74°75 § 
(5)! FE 2) ote a] Mseerd |uaceaciel | eet Merri sears al (sc heh) fom Oe lala 49°-75 nay Ws Fone 
(®]) Goae|| Soaria Meee a lecece | ooetal eed eeace | Oral eee nll oer SLAG (ck DU Laie 5c 
(Oyen fsconn| rst cee si) ists | feme ailitiacedlllfme lan HIP sreeen| sat Sod eel SO Brepecae 
(O)\ ode.-|| Socal | 49 toca | Seared loeee. | lecoce |e Oumar caer es =Petalaster Hardwickii, Gray. 
COA oceplidisieellitetie MP stage) oe alee I Su) ee ales wes secs : 
(@N  Beeee|| Caco | sree cea hee ean Weasnegar area el ies Orpen Racer el te oad ieee zee 
(40) | eter eesooen||ees Sael [ Bey Vc am eres Wi) 9) Fall (coral |-aa6 Se ete oles 
(Ga) soe. Gra al) Geel ooo. ||) uae |e Silage deep ill fare S00 = Lidia maculata, var. quinaria, von Martens. 
°, °, Incl.: Zuidia fragilissima( pars), Forbes; Luydia 
as vee fie [oe fe foe fae | DL C |... | 44°0-49%1 Savignyt (pars), Ditben and Koren, 
GEN ose oserd} Se || <etond|Iooe I Soaeeil bon. eBid) cop 4 |/toos ban = Asterias Savignyi, Audouin. 
1 Ae | =Asterias senegalensis, Lamarck. Incl.: Luidia 
(4)) + ill) Goch |W ocee||\Saneal\ tone: Ila soorl| 6a0 sie | Maregravii, Steenstrup. 
(LB) Estos lliecwietow Ilocos esecena|lercrenes eset lleaicron tt st ate |i yas aoe caste 
(16) 4 A en |Fi HOM Be S eih  | GNM Ure teat 
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PHANEROZONIA. 
Family PenrAGONASTERID#, Perrier. 
Subfamily PrenraconasTERINz, 
; Sladen. 


Pentagonaster, Linck. 
P. affinis, Perrier 


*P. arcuatus, Sladen . 


*P, astrologorum (Miiller and i 


Troschel), Perrier . ° 


P. auratus (Gray), Perrier. 


P. australis (Gray), Perrier 
P. belli, Studer. p c { 


P. coppingert, Bell. . | 
P. crassus, Perrier . 

P. dentatus, Perrier . 

P. deplasi, Perrier 3 

P. fallax, Perrier. 

P. fonki (Philippi), Perrier 

P. gibbosus, Perrier . 


P. gosselini, Perrier . 


P. grandis, Gray, sp.. 7 { 


*P. granularis, Retzius, sp. . { 


P. grenadensis, Perrier 


RANGE IN 
Ty : D : NATURE OF THE SEA- 
are Pas Bonen 
Dominique ; off Havana. 1131-1323 | Fine mud and sand. |) 
South of Japan. 345 Green mud. Q) 
Sydney; Australias) yen see ne) en lncsens (3) 
Australias 0) Wo enn to) Ora ecsfanae | UU ence ons (4) 
Wrand!S;Australias) Tasmania. || rss lene | Mull wall sie se (6) 
Puntas Arenas (Magellan ; 
panes 0) ep RR ee 
Port Curtis (Queensland) ; 3-11 5 
Prince of Wales Channel. ata | eee Boe e 9 Me 
Off Morocco, TBH ct (8) 
Grenada; Morro-Light; Hayti.} 41-1500 Globigerina mud. ) 
Morocco ; Pilones. ByAemses \  Bapane (10) 
8. of Fayal (Azores). 68%. FW 28” oeate (1) 
Puerto Month (Chil)! |) ey sl ureters (12) 
q q 2 (18) 
Morocco ; Canaries ; Azores. Di =8.6.9 ae | eerste (14) 
W. Australia; Port Phillip i. 
(yide Belly, 2 ae ce | eee ie 
Coasts of Scandinavia; Bri- Sand, shells, clay. 
tain and United States, \ AS! { gravel, stones. } ri 
Off Grenada. WAS rs || obacec (a7) 
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GEOGRAPHICAL AREAS. BATH MERSICAL 
6 || 5 5 Ile : ; 3 || ERE 
2 1 : 2 eitet te 
Bl Binh ee all os a@ q | Aa leis 38 Borrom 
s/s 2 |O)}KS] s = | 23] 83 | & 8 | Temperature: SYNONYMA AND REMARKS, 
3 =] 3° Se & | 9& | Sm | | FAHRENHEIT, 
q 6 | aa| 4 | a | 8H) Be] do 
a aq SS qd ic] 4 > ey sol] ge] 2S 
Ran = 3 eS) 5 8 3 Ain] on Re 
s18/84/8)] <|/2)/2] tl/Sslae 
42l|n R o B <3 
Te TES) Ti || Lv; Vis i Vike. |) VaTe |e at, Cc. A 
@5l| = | ce4} cob [cor || Shad cae loa || aca. |leasg tl AN SOR ase | Meacacs 
QQ) + + C 41°1 wants 
=Astrogonium astrologorwm, Miller and Tros- 
(3) - . . . . an L oo aoe chel; Pentagonaster (Tosia) astrologorum, 
Perrier. 
=Tosia aurata, Gray; Pentagonaster (Tosia) 
(C2)ecedl [krowen ||| sea |teeee | vees il) 2% a Toy Wl) spat |berte oes auratus, Perrier. Incl.: Astrogoniwm australe, 
Miiller and Troschel. <Astrogonium Emilii, 
Perrier, 
=Asterias procyon, Valenciennes; Tosia aus- 
(5)] ee | vee ae Goon ||| coca cee ap L Broil | aces ile tralis, Gray ; Pentagonaster (Tosia) australis, 
Perrier. “Incl.*: Astrogonium geometricum 
(Val.), Miller and Troschel. 
(3] coc: || Toack a |Boconl | Gage! Gon + | L F aes SONG 
|’ cc0 4|| coe | voag ell aodel aR Wl Bsasel Mea IG Tt) seat) ang ase ee wale © Fst: 
(8) eset lees) [ireaen | Gee || se sore, lec Soe le eee As cens 
| + |]. ssens |fusseal| ese Te C9 | PAS 3 9sb=42-5 eeites 
qo} + ]. : go |p ee Oct: we” es) DBRS ara 
qa] + oe ' a) s ooo AS is = Astrogonium fallax, Perrier. 
(GB) Sad5 ull ool “ace 000 4 |) coaallh Goce tim ied Onl | ers |! Te eas = Astrogonium Fonki, Philippi. 
(18) hota || eo! [fase c[lacee | eos : al | zal coll (os eee er Se 
CUS) se 18cc ||) con | coo. | Wsan A ees sarees 
=Tosia grandis, Gray; Pentagonaster (Tosia) 
(15)] «ee eee + wee ate L . eee grandis, eerien’ 


=Asterias tessellata (pars), Lamarck ; Astrogo- 
nium granulare, Miiller and Troschel ; Goni- 
CE) ee liso c|eeda|ivess: [ness ill ese Ivers, Niele) |) Gmina) © aS a0 aster granularis, Liitken ; Pentagonaster (As- 
trogonium) granularis, Perrier. Incl. : Astro- 
gonium boreale, Barrett ; Pentagonaster (Astro- 
gonium) borealis, Perrier. 


(Crp) ES Were ecaoel loool ll ose croe! Saec Mt) eal ae} 2 39°75 as at OAS 
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746 THE VOYAGE OF H.M.S. CHALLENGER, 


RANGE IN 
Nat SEa- 
LOOALITIES. Dem q ae PAechiee nes 
PHANEROZONIA. 
PENTAGONASTERID. 
PENTAGONASTERINE. 
Pentagonaster, Linck. 
P. hxsitans, Perrier . : . | Off Cape Ghir. L208 | esse (a) 
f Endeavour River (N.E. Aus- ) 
P, inzequalis, Gray, sp... tralia) ; (?) New Guinea or 2 q (2) 
(| (2) Amboina (Gray). \ 
P. intermedius, Perrier. . | Off Havana, 930 woncee (3) 
*P. japonicus, Sladen . A . | South of Japan. 345 Green mud. (4) 
P. lamarcki (Miiller and Tros- i 1 ? “4 . (6) 
chel), Perrier ; . 
*P, lepidus, Sladen. 3 . | Azores, ° 1000 “Volcanic mud. 16) 
Ee ma gnejicis, Miller end Tres: Tasmania ; Bass Strait. Sse : easel N@ 
chel, sp. : - : 
P. mammillatus (Val.), Perrier . 1 q 2 (8) 
P. minimus, Perrier . ; : a 2 2 (9) 
P. mirabilis, Perrier . : . | Smyrna (Mediterranean). a . acee (10) 
P. nobilis, Miiller and Troschel, \ S.W. Australia; New South \ : 
? Cee Ihe a) elapacad (11) 
sp. é A 0 é Wales. _. 3 
P. ornatus, Miiller and Tros-\| Port Stephens or Moreton | | 7 ‘ (a2) 
chel, sp. a Bay (?) (fide T. Woods). f on iaore 
vide : Barbados ; Grenada 3 Gulf of Broken shells and 
2 Parris) Eerrise | Mexico, . on } ee) { corals; Hard sort cs) 
f Off Strait of Magellan (At- ) 
*P. patagonicus, Sladen, lantic side), and off Smyth 55-245 | Sand; Blue mud. (14) 
| Channel. if 
P. perrieri, Sladen. . - | Morocco ; Sahara ; Azores. 453= (137mm | hence eee ; (a5) 


P. placenta, Miiller and Troschel | Mediterranean ; Adriatic. 40-50 oo) Ten gaeaten (16) 


P. ruber, Gray, sp. . f eee ¢ ae Coast, jide \ ay 
. Woods). 


weet a7) 
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BATHYMETRICAL 
GEOGRAPHICAL AREAS. ONS 
1/8) 248 4 8 2/4 /_.8 re 33 Borrom 
a 4 2 ° aS = 3 4) a3 | 63 | Temperature: SYNONYMA AND REMARKS. 
4 4 e Ace & ms iz gs F:| <7] et FAHRENHEIT, 
€|2|2| 4 (88! € | = [ae] ss) és 
SP Bolle Se ioe hag Oe as 
A ee n S 3/44 
Lie | TEES WL Vi AE SABA GK |G: C. A. 
UD Mtau res sreth || ovelosn, || urtevon | Becrctot || Urstetorel| ktteron!|leetoeis| aueceee || eA Soe PEOWIO beh We) a eeipets 
2 q =Astrogonium inequale, Gray ; Pentagonaster 
(6) abe elle + eee pila A , 
(Astrogonium) inequalis, Perrier. 
(QW 4B pope |aceee4 Wdcoe || eoroal llecioce| (seme ls noc lmcbalmh azs¥ 39°°5 ; ve eeeyaeess 
(||. cao. || Spent eS! lateral tcocad ia! iene |p cede] hen Orel | den ATE ee Bari sacle 
(5) fe ao! |e cach Frocks Wl aScid Hl Sonal proceed Mears 2 a hacia eee = Astrogonium Lamarckii, Miiller and Troschel.* 
(| + S50 Woe oes NeAt ae et etl RRO ey ah ob eeac 
(OO)! coo) || Gao, || bc5e Boo |" coee aoa oa q ome || Wetec 05 = Pentagonaster (Tosia) magnificus, Perrier. 
=Goniodiscus mammillatus (Val.), Miiller and 
CS) |isemilpueeii [tree | eevee Ih wcict ll! ! ees q Sele lca sce Troschel; Hosea (?) mammillatus, Gray; Pen- 
tagonaster (Astrogonium) mammillatus, Perrier. 


(S)leecctaleecetlasce la see |eccsull ace lense 12d) baleen | ke? ae E ifiseceee 
(10) | Moi lieeee lcs scallieecere [esses lite: -|Ueeese ite lbiel|hseealfie ane Be: = Pentagonaster (Astrogonium) mirabilis, Perrier. 
G1) Wesouliceee: (Welw ll ccdcealieses, le aceallt ack Dalley (ae = Pentagonaster (Tosia) nobilis, Perrier. 
(2) arereta | sister |fivsie'e lliecia |! Raee | =(n'0 | Se iis |lsess | eee ove = Pentagonaster (Tosia) ornatus, Perrier, 
(3) + | ee [vee [vee [eee | vee fines TL | neeott| nese NO SieO—OLenD or 
GSI rece ecto |rec eel tresced|[eewealiaespal omen (eT Oe |e renl ta Ge O24 72-8) Sepeee 
qs} + Sierra) Wet oe eo | a2 I eae | Pra Ate COG) A ae = Pentagonaster grandis, Perrier (non Gray). 
Incl.: Goniodiscus placenteformis, Heller ; Génio- 
discus acutus, Heller ; Hosea (?) placenta, Gray; 
q6)) + Sete || rele'os || terete” || reer s]hneteenl| eee dO aera Nl occ coe Pentagonaster (A strogonium) placenta, Perrier; 
g onium) pi ; 
Pentagonaster (Astrogonium) acutus, Perrier ; 
perhaps also Pentagonaster mirabilis, Perrier. 
‘all accel I Reena he Ie de Al ei in L =Tosia rubra, Gray; Pentagonaster (Tosia) 
| Ie ruber, Perrier, * 
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RANGE IN 
DrprtH: 
FaTHOMS. 


LOCALITIES. 


PHANEROZONIA. 
PENTAGONASTERID. 
PENTAGONASTERINZE. 
Pentagonaster, Linck. 


*P, semilunatus, Linck . | 


P. tubercularis, Gray, sp. . 
P. tuberculatus (Gray), Perrier . 
P, validus, Bell 


P. vincenti, Perrier 
P. (2) alexandri, Perrier, 


P. (2) elongatus, Perrier, 


Astrogonium, Miiller and Troschel, 
emend. 


A, abnormale, Gray, sp. . 
A. bourgeti, Perrier, sp. . | 
A. diibeni, Gray, sp... 


A. gunnit, Perrier, sp. { 


A.pulchellum (Gray), Miiller and { 
Troschel . . 


Calliaster, Gray. 


*C. baccatus, Sladen . ‘ | 


C. childreni, Gray, A 


re ee ee ee ee 


Senegal ; Cape Verde Islands; 
S. Carolina; Brazil; Zan- 
zibar ; Celebes ; China. 


Swan River; Champion River. 


Port Natal; Cape of Good Hope. 117 
Thursday Island (Torres Strait). 3-5 Sand. 
Canary Islands. 517 
Havana ee We Indian area, i “Ol ; ae } 
N.E. of Azores, 1637 
i 2 

St. Vincent; Cape Verde | | j99 347 

Islands. 


W. and S. Australia. 


George Town, Tasmania; coast 
of Victoria. 


China ( fideGray) ; New South 
Wales; Tasmania; New Zea- 


land; East Indies (Mobius). 


Simon’s Bay (Cape of Good 
Hope). 


Japan. ane 


NATURE OF THE SEA- 
Borrom. 


feraee 


eeeeee 


eens 


weneee 


weeeee 


(12) 
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SYNONYMA AND REMARKS. 


BATHYMETRICAL 
GEOGRAPHICAL AREAS. ZONES. 
3 s : 8 : S fs a |) a 32 
2/2) 2/2/28) 2/8 | 2/22] 38] porrom 
get dlp testo eS) lS gS| 2 | 3 | ¢4| 83] SS | Tewrerarore: 
4 | 4: A ies) & | & | SE) ae | 8 | FauRenneir. 
ala|2] $$ |gss| 43/4 |82/8e|/¢s 
+o = 3 eS) Fi’ e 3 Ho 83 ma acy 
Secs del Salim Pie toe | ie dele 
a n mR os —) 3 43 
16 II TTS) DV. | Ve ||) Wi || VES C. A 
“a Ge |e eel lec +] + L ; ede 
Q) eae aR Appellate Pe 
@) + mee 
(® . + see 
®) + A ‘ 
(| + |. aay | soon (Lea CH 09? 3925=607-0 
(De steun lise allies A ee 
(8)| Beato iies 2 
| + : sa pew ‘ 
(10)| ... + L 
Gj) <2. .| + 1B IG see 
2) q ti] +)L aes 
(ES)| Goof) “el Goo | Gane llicoe | GE Ilesa lh coe |) aan Il! one wes 
(4) ap |} 05 || ¢50. 1) ean | wee ips 
! 


=Asterias granularis (pars), Gmelin ; Asterias 
tessellata (pars), Lamarck ; Goniaster cuspi- 
datus, Gray ; Astrogonium cuspidatum, Miiller 
and Troschel; Goniaster semilunatus, von 
Martens ; Astrogonium semilunatum, Perrier. 
Incl.: Astrogonium dubium, Perrier ; Goni- 
aster americanus, Verrill ; Goniaster africanus, 
Verrill. 


= Tosia tubercularis,Gray ; Pentagonaster(Tosia) 
tubercularis, Perrier. ~ 


=Astrogonium tuberculatum, Gray; Pentagon- 
aster (Astrogonium) tuberculatus, Perrier. 


Should probably be referred to Nymphaster. 


Should probably be referred to Paragonaster. 


= Pentagonaster abnormalis, Gray, 


=Stephanaster Bourgeti, Perrier. 


beni, Liitken ; Pentagonaster (Dorigona) Dii- 
beni, T. Woods, : 


{ =Pentagonaster Diibeni, Gray ; Goniaster Dii- 


} = Pentagonaster Gunnii, Perrier ; Pentagonaster 


(Dorigona) Gunnii, T. Woods. 


=Asterias pulchella, Gray ; Pentagonaster pul- 
chellus, Gray ; Pentagonaster (Dorigona) pul- 
chellus,T. Woods. Incl.: Stephanaster elegans, 
Ayres ; Astrogonium erassimanum, Mobius. 


= Pentagonaster (Calliaster) Childreni, Perrier. 
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RANGE IN 
: D : NATURE OF THE SEA- 
ies pai Boo 
PHANEROZONIA. 
PENTAGONASTERID At 
PENTAGONASTERINZ, 
Chitonaster, Sladen. 
*C. cataphractus, Sladen. + | 62° 26° 0'S.; 959 442 07H. 1975 Diatom ooze. (1) 
Calliderma, Gray. 
C. emma, Gray . . 5 . | Japan (2). , $ t y 
Iconaster, Sladen. 
Malacca (?); Percy Island 
I, longimanus, Mobius, sp. . (Queensland) ; Prince of 7 1 (3) 
be Wales Channel (fide Bell). 
Gnathaster, Sladen, 
G. dilatatus, Perrier, sp. . . | New Zealand. ae eevece (4) 


*@. clongatus, Sladen , ; { Off Marion Island; Kerguelen \ 50-150 {| Volcanic mud rs o) 


Island ; Heard Island. \| gravel. 


Gaonayr, Belljisps i) irs { st eta (eee Ge tt \ 9-10 Sand. 


*G. meridionalis, Smith, sp. 


~_ 


Off Marion Island; Kerguelen \ 5-150 { Volcanic mud ; ia a 


Island ; Heard Island, gravel. 
G. miliaris, Gray, sp. . . | New Zealand. a? aes aenaee (8) 
y , N. Australia; Sandy Point oe ee 
G. pawillosus, Gray, sp. . | (Strait of Magellan). \ 9-10 Sand. (9) 
: irgi it of 
*G. pilulatus, Sladen . - | Cape Virgins, off Strait o \ 55 Sand. 10 
P Magellan, ee 


G. singularis, Miller and | W. of South America; Tom { Shallow \ 


chel, sp. . Bay (fide Bell). Rock ; kelp; mud (ee) 


G. (?) verrucosus, Philippi, sp. . | Near Valparaiso, ' see seeeee (12) 


Nymphaster, Sladen, : 


*N. albidus, Sladen . . — . | Off Cape Verde Islands, ara | inte co (13) 
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Ec BATHYMETRICAL 
GEOGRAPHICAL AREAS. ZONES. 
sits 5 | ae : : 2| 3133 
ac AS] d e : 5 3 fe S- ee| 
Alam esadues S| 8 | 8 |.8|/28|/S8]_ Borrom 
Ci 2 3 fo) fis £3) 3) wo | ea) es T ; 
Ss s 3 BS| ¢ @ | S| 83] &s | Temerrarore: SYNONYMA AND REMARKS 
a/4 = Blea) & | & | se) ge) S| Fanrennerr. 
= = 8 cay Sa} a a /s Bo|'s = 
a7 +S 3 3 a 2 =) psi 5 BS] as 
SS | Sai mceh csilcee | ele | oeeleava 
A n n So a | a 
it, EE | ELT. || DV Ve Aaa aaie || a C. A 
“ab)|: dts al! taaae | Mieco te Eta hance ade NI eamal Sao Ip mon We AN ol-2 ; sees 
(2)litecomitinere i ccs. |eetetlt eal! & sce Sead ee AG = Pentagonaster (Calliderma) Emma, Perrier. 
= Astrogonium longimanum, Mobius 3 Goniaster 
longimanus, Liitken; Dorigona longimana, 
(&))| coor | | acoder hopes lca ar see Te A pe eae || vee Gray ; Pentagonaster (Dorigona) longimanus, 
Perrier. Incl.: Astrogoniwm Souleyeti, Dujardin 


and Hupé ; Archaster lucifer, Valenciennes, 


()) ceo || ose. |freda || coal |enonl tage + Re AN em Hl ack. aslo = Pentagonaster (Astrogonium) dilatatus, Perrier. 
(Di oad) cos aaee | ae wroret” || arereieit |lferee|(emedtrit ee eet | es 35°-2 eaeees 
(GI) Goo: |) Hl Sdonl|i adel sorsy laste [sebant Uy dbseee ll aoe wee = Calliderma grayi, Bell. 
OW cece: I Bete | Goce) 2-11 irae al Nees heen an C3 35°92 =Astrogonium meridionale, Smith; Pentago- 
naster meridionalis, Smith. 
(8)| see | oe os =Yeisth |litereyeh || siete! | =e TE | ans | eee be = Astrogonium miliare, Gray ; Pentagonaster (As- 
trogonium) miliaris, Perrier, 
(Oecd hag ll cop [leona |) SRO Gace epacea lial lac Nom ah Aas wee = Astrogonium paxillosum, Gray ; Pentagonaster 
(Astrogoniwm) paxillosus, Perrier, 
(EO) | foc "|| Seal Beal cecelh doa Ml lene | Gameet IGA] gee [lees 47°°8 Keates 
(eB) Gog. i |opo: | fone | Pace! con el Naren patton eed Wp |i meant) res os =Goniodiscus singularis, Miiller and Troschel ; 
Pentagonaster (Astrogonium) singularis, Perrier. 
(6b) hepa ers ile cool Mikesen.| bases al lames ae 16; Pee |e 282 =Goniodiscus verrucosus, Philippi; Pentagon- 


aster (Astrogonium) verrucosus, Perrier. 


(GMD) Se eall Sooo limosee ||| 50 || aco W{eaoo Ides ll aug | seed |e} eee sawn ees 
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PHANEROZONTIA. 
PENTAGONASTERIDE. 
PENTAGONASTERIN. 


Nymphaster, Sladen. 
*N. basilicus, Sladen . ° 
*N. bipunctus, Sladen, 5 


*N. protentus, Sladen . 


*N. symbolicus, Sladen 


*N. symbolicus, var. breviradiata, 
Sladen . : . 5 


—_— een es 


NV. (2) arenatus, Perrier, sp. 


NV. (!) mebit, Studer, sp. 


NV. (2) prehensilis, Perrier, sp. 
NV. (?) subspinosus, Perrier, sp. { 
NV. (?) ternalis, Perrier, sp. . 
Paragonaster, Sladen. 
*P. ctenipes, Sladen 


*P. cylindratus, Sladen 


——— 


Mediaster, Stimpson. ‘~ 


M. xqualis, Stimpson 


Nectria, Gray. 


*N. ocellifera (Lamarck), Gray 


NV. ocellata, Perrier 


J 


LOCALITIES. 


THE VOYAGE OF H.M.S. CHALLENGER. 


RANGE IN 


E. coast of Brazil. 

N. of Admiralty Island. 
S.W. of Canary Islands. 

Off Philippine Islands; Ara- 


fura Sea. 
Banda Sea. 


Off Grenada; Guadeloupe; Bar- 
bados ; Havana ; Morocco. 


N.W. Australia. 
Off Morocco ; Cape Spartel. 


Off Havana; Barbados; Car- 
riacou. 


Off Guadeloupe and Grenada. 


Arafura Sea. 


S. of Cape Verde Islands, 
1° 47’ 0” N., 24° 26’ 0” W. 


Puget Sound ; San Francisco. 


Bass Strait. 


Bass Strait; Tasmania; Fiji 
Islands ;. Port Phillip (fide 
Pell). 


Soap 
1200 Red mud. 
150 Coral mud. 
1525 Hard ground. 
\ 28-115 Green mud. 
140 Blue mud. 
\ 164-893 | Fine mud and sand. 
195 Grey mud. 
295-566 | = aaenee 
\ 163-209 Fine sand and clay. 
416-734 Greyish brown mud. 
140 | Blue mud 
\ 1850 Globigerina ooze. 
30-40 Sand and shells, 


@ 


lan 


a4) 


(a5) 
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GEOGRAPHICAL AREAS. mee eich 
S/2lal2] elele] #lsilee 
a/2|/2|6/e2| 2/3 |gs|44| és 
St 3) SIN ey SSA Piel een | See) Sil ears 
glala@| 2 lael¢ |4 |28|selde 
we) wey * a Avo 37 oa ge a ZS 
Bee | elas | Bal eae 
Paoli taste | eo ecg esa cg P= | E 
I. TES) TELS) EVs | Ve. | Vis} Vi) Th Cc. A. 

qa - |! ieiaie A 
) +] L 

@| + A 
(4)| -- . qe L 

¢65) | oon + L 

(6)| + : Ci A 
G\ites oi |i +. Gilles 
| + |... ; Cl] A 
@} + C 

(oy) + Crips 
(11) + L oe 
a2} + | .. A 
(13)| -.. a L 

Q4)| ... + | L 

(15) a i 


(ZOOL. CHALL, EXP.—PART L1.—1888.) 


Borrom 


TEMPERATURE: 
FAHRENHEIT. 


SYNONYMA AND REMARKS. 


37°°0 


39°-5-52°-5 aa oa arenatus, Perrier; Dorigona 


36°°6 


arenata, Perrier. 
= Pentagonaster (Dorigona) Moebii, Studer. 
=Dorigona prehensilis, Perrier. 


{ =Pentagonaster subspinosus, Perrier ; Dorigona 
subspinosa, Perrier. 


=Pentagonaster ternalis, Perrier; Dorigona 
ternalis, Perrier. 


= Asterias ocellifera, Lamarck ; Nectria ocellifera, 
Gray ; (roniodiscus ocelliferus, Miiller and 
Troschel. Incl.: Chetaster munitus, Mobius. 


= Nectria ocellifera (pars), Gray. Perhaps not 
specifically distinct from Wectria ocellifera. 


MN eon om are er ee ee ee eee gp 


a) 
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THE VOYAGE OF H.M.S. CHALLENGER. 


LOCALITIES. 


BS Se ms NATURE OF THE SEA- 
EPTH : Bownou 
FavrHoMs. 6 


PHANEROZONTA. 
PENTAGONASTERID. 
Subfamily Gonropiscina#, Sladen. 
Stellaster, Gray. 
S. equestris ee Miller and i 


Troschel 


S. granulosus, Perrier, sp. . 
*§. incei, Gray . ° 


*8. princeps, Sladen 
S. squamulosus, Studer, 


S. tuberculosus, von Martens 
Ogmaster, yon Martens. 


O. capella (Miiller and ie 
von Martens . 


Leptogonaster, Sladen. 


*I. cristatus, Sladen . S 


Gontodiscus, Miiller and Troschel, 
emend. Perrier, 


G. articulatus (Linné), de Loriol { 


G. cuspidatus eae ee Miiller 
and Troschel . . 

G. forficulatus, Perrier , . 

G. gracilis, Gray . . 


G. granuliferus (Gray), Perrier 


China; Japan; Formosa; Port 


Darwin ; Cape Cleveland. 


New South Wales. 


Philippine Islands; Amboina; 
Sumatra; (7) Corean Strait; 
New Guinea; Arafura Sea; 

N., N.E, 


Torres Strait ; 
and 8. Australia. 


Torres Strait. 
N.W. Australia, 
China (fide Perrier). 


(?) China or Japan. 


Off the Philippine Islands. 


< 
Singapore ; 
pelago. 


Mergui 


“‘Mers australes” (Peron and 


Lesueur). 
Migupou. 


Moluccas. 


. | China (fide Perrier). 


Archi- 


4-50 Coral mud; Green 
a mud; Blue mud. 
6 Coral mud. 
COE Wk, oe Bae 
100-115 Green mud. 
i Sub-littoral| nasa 
YL Sal nae te tac 


qd) 


Ni 


(4) 


”%) 


(8) 
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GEOGRAPHICAL AREAS. Bere 
Gi Gi) ie BSR ee all eter 
q 3 Fi 3 S Bz} B=] _# da 3 sg Borrom 
re 3 2 OM arst iis 8 | aa | a3 3 | TEMPERATURE : SYNONYMA AND REMARKS. 
S Ss HY | oS bbs 
x = S a 2 & Ay ais 2 | gs 7 | FAHRENHEIT. 
ala||2(|83| 2/2 |3s|#8| 38 
3 S a =] rir 610 @ acy 
Se) se eee Sl oe tt Och eg 
A mn La mM A oO 3 <a & 
we} 
it, II. | Ill. | IV We Wedel Walberg C A 
= Asterias cquestris, Retzius ; Goniaster (Stellas- 
ter) equestris, von Martens ; Goniaster eques- 
ae + ar ces \ieese eee Ree tris, Liitken. Incl.: Stellaster Childreni, Gray ; 
Goniaster (Stellaster) Miilleri, von Martens ; 
Pentazonaster (Stellaster) Childreni, Perrier. 
00. |)eaon ar L ae it saa mele = Pentagonaster (Stellaster) granulosus, Perrier. 
= Pentagonaster (Stellaster) Incei, Perrier. Incl. : 
an i in. Te Stellaster Belcheri, Gray ; Stellaster gracilis, 
2 arsed van & a Mobius ; Peniagonaster (Stellaster) Belcheri, 
Perrier, 
+ ween 
ese + Been ee eeaet | (ctereme eae | Dal ead Nae sah = Pentagonaster (Stellaster) squamulosus, Studer. 
n = Goniaster (Stellaster) tuberculosus, von Martens; 
wore [iurcizics, » Iheasiciel jie ciete + sicis : Bey yOPo ss: Pentagonaster (Stellaster) tuberculosus, Perrier. 
=Goniodiscus capella, Miller and Troschel ; 
0 Goniaster (Ogmaster) capella, von Martens. 
+ COU b QOGN Pou O00 Incl.: Dorigona Reevesii, Gray; Hosea (%) 
capella, Gray ; Goniaster Miilleri, Liitken. 
é 5 + L “oe so 
A 7 10, =Asterias articulata, Linné; Artocreatis altera 
5 Se Me oe ais cs species, Seba; Goniaster articulatus, Liitken. 
4 = Asterias cuspidata, Lamarck; Hosea (?) cuspi- 
gods || weor4l ass TI soo cou. |||soe saa data, Gray, 
E q Sao Bales pe wal panlescces 
fe cee . + eee eecece 
a Nan || 0p ll aaaul| coe ‘ie =Anthenea granulifera, Gray. 
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THE VOYAGE OF H.M.S. CHALLENGER. 


PHANEROZONTIA. 
PENTAGONASTERIDZ. 
GoNIODISCIN 2. 
Goniodiscus, Miiller and Troschel. 
G. pedicellaris, Perrier . { 
G. penicillatus, Philippi 


G. pleyadella (Lamarck), Miiller 
and Troschel : C 


G. sebx, Miller and Troschel 


G. seriatus, Muller and Troschel 


G, studeri, de Loriol . 


Subfamily Mmrasrerina, Sladen. 
Mimaster, Sladen. 
*M. cognatus, Sladen . 
M. tizardi, Sladen. 5 


PENTAGONASTERIDE incertz sedis - 


Anthenoides, Perrier. 


A. peircet, Perrier. 7 { 


Hoplaster, Perrier. 


HZ. spinosus, Perrier . 


2S 


Family Awrvewerp2, Perrier. 
Anthenea, Gray. 


*A. acuta, Perrier 


LOocaLITIES. 


Barbados ; St. Vincent; St. 
Lucia. 


Puerto Montt (Chili). 
Moluccas. 


Red Sea; Mauritius; Mada- 
gascar ; Ceylon; Eastern 
Archipelago ; Fiji Islands ; 
New Guinea. 


S.W. Australia. 


Mauritius, 


Off the W. coast of S. America. 


Faerde Channel. 


Barbados; Guadeloupe; St. 
Lucia. 


“ Travailleur” 1881, Drag. 
No. 3.° 


Port Jackson ; Madras. 


RANGE IN 
3 NATURE OF THE SEA- 

arouse Bortom. 

\ 115-180 { Sea bee ee le 
ground. 

alee Q) 
bette st (3) 
donsB (4) 
ficane (6) 
qenheeiees (6) 
245-1325 | Blue mud. (7) 
516-555 Mud. (8) 
\ 84-151 Hard ground. (9) 
\ 96h Vilar. fetes 20) 
Gal5> li oP wes (1) 


- 
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G Rene BATHYMETRICAL 
EOGRAPHICAL AREAS. aL 
Coal cial ee, ale] sa ae irae emer) rte t= 
2/3 a Fi S| a] a a|a8|3 5 Borro 
a 2 sal ‘s eo |27eo/ea] ed q 
ps} 3S 8 ° BS 3 = @4/e8] ms TEMPERATURE : SYNONYMA AND REMARKS. 
4 3 = a | ea.) & AAS like é Be | = | FAHRENHEIT. 
¢/a]31]3 |as] 2] 3 |3e| 88] 88 
= ee) a Me & 5 (3 Hs | 6b Kas) 
3 5 a 5 St atta ey Tl/Od)/a8 
42)/ana)" | a 5 o| 8/458 
ae] 
1, MOS A TOO E MM AS S| OM I) AAS AAD) aoe Cc A. 
@)| + i |G; DO D—6:-0\ln ee ie cerr: 
(63}|, ‘caor'l|) oo 4 ages heeoon||: Sania coo | Se 1d ASI ee hanae SO eet ee eccoBac 
ie = Asterias pleyadella, Lamarck ; Goniaster pley- 
)|[Reeani|iresis, jh sive |= Ge Coren | Oe G50 5 ||P G0 sae adella, von Martens ; Hosea (?) pleyadella, Gray. 
= Hosea (?) Sebx, Gray ; Goniaster Sebx, von 
(5}| “cao. || tors | Se al) cect || Steel cacao) lee [aan see } Martens, 
(6) wee + rae ake [era Redeye terse ee oe et 22. Se) ll  citelelelsen, 


Mi) econ aca eecell acca |ivecen'| eostdlgetet [eee ol Cy | AS eS 6u0—462°0) 

(3) 8 [hco6 ||! oeah lllaoe | |ease || toca | Meee. |) nem epee Waste ssizc/E 2 WV 0a) | sR net coscoac 
(S| tet NN Gare |) ea | cOacn| "eee | ocelot elie ||termae | Meee Gilet EE siyerocre 
(10) |e -toe|ove. ates thas -olliveeml wert lll vestalitees tel|l somes | Ae oe Ie | le Sages 


(Cbd Moare || ante ar | peooce dlooce| pectic 4 lesa LTA eesenlk ces as = Goniodiscus acutus, Perrier (olim), 
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THE VOYAGE OF H.M.S. CHALLENGER. 


Locavitigs. Sousa: NATURE OF THE SEA- 
FatTHoms. Bortom. 
PHANEROZONIA. 
ANTHENEID#. 
Anthenea, Gray. 
A, articulata, Perrier ‘ { oe a ecine \ tee Rane 
A. flavescens (Gray), Perrier { ts eae Gide Ball) \ O25: Bi,” Oi Bese 
A. grayi, Perrier ‘ . q 2 t 
H Kong; Madra ide 
A. gta (Laas Por {| BE SO ae gf 
se % : ‘ Studer). 
Port Essington (N. Australia), 
Torres Strait ; Port Jack- Coral mud. 


*A. tuberculosa, Gray . : | 


A, (2) spinulosa, Gray, sp. . | 


Goniaster (Agassiz), emend. Perrier. 


G. obtusangulus (Lamarck), Perrier 


Hippasteria, Gray. 


*H. plana (Linck), Gray. 


Family Penracerorip&, Gray, 


emend. Perrier. 

Pentaceros, Linck. 
P. afinis, Miller and Troschel, sp. 
P. alveolatus, Perrier 


P. australis, Liitken, sp. 


son (fide Bell). ; 
Philippine Islands; Timor ; 


Fiji Islands; N.E. Aus- 
tralia. 


Indian Ocean (?). 


Off the British, Scandinavian, 
and Murman coasts ; off E. 
of North America, N. of 
Cape Cod. 


India. 
New Caledonia. 


Australia. 


30-150 


Coral reefs. 


seeeee 


Clay, gravel, stones. 


eeeeee 


eee 


(@) 


() 


(6) 


7%) 


(8) 


(9) 


(lo) 


ay 


REPORT ON THE ASTEROIDEA. 759 


BATHYMETRICAL 
GEOGRAPHICAL AREAS, ZONES, 
Ee oe oar a) Glee a| .2| 32 
mH es es 8 |e | |.8)/e8i ss Borrom 
= S&S 2 ° fa| § s | 24/28 | &8 | TEMPERATURE: SyNONYMA AND REMARKS. 
S > [o) a oo ay a aS o.8 3a EF 
sa | 4 A | oe S82] 26 | _-4 | FasReNueI. 
a 5 = o aq] a 4 |S5|se!¢8e 
or} a os a i|mas; So | aos 
Bi S| Sele selee | Bo| 2 1s | sa ee 
fen nls iy | id alles 
iS S 
I | TES | Vi Wien) aVidisn | VALE | es Cc A. 
aN sere ieee || ete ||P ewer |) acer |) te | eee Maley all eee ll) ose aes Posies 
(2) | arena cies: | ot || ween, |r) |) sieve HP ot Joy) San, |) con see = Hosia flavescens (pars), Gray. 
(@51| coo 4] 068-4 (cane ose%ll| Haeae acon! oda ||| Ila Nh soeal| op ale =Hosia flavescens (pars), Gray. 
=Asterias pentagonula, Lamarck ; Goniodiscus 
pentagonulus, Miiller and Troschel ; Goniaster 
Girlie (ee | cee oh toe | | eee fi nse) os te pentagonulus, von Martens. Inel.: Anthenca 
chinensis, Gray ; Goniodiscus articulatus, Per- 
rier. 
(@)|.6. || -ae0) |iedos Wibod). asm) tance) een | Gna | Spell) Gee ans teens 
( = Hosia spinulosa, Gray ; Goniaster (Hosia) spi- 
"ESN! -000,-|| cca) oom |) soo6 3F male ar A OY lorem Prone p50 + mnulosa, von Martens; Pentagonaster ( Astrogo- 
| nium) spinulosus, Perrier. 
= Asterias obtusangula, Lamarck ; Oreaster ob- 
(7)| see q 5 Ith; aa tusangulus, Miiller and Troschel; Pentaceros 
obtusangulus, Gray. 
=Pentaceros planus, Linck. Incl. : Asterias 
equestris (pars), Linné ; Asterias phrygiana, 
Parelius ; Asterias Johnstoni, Gray ; Hippas- 
teria europea, Gray ; Hippasteria Johnstoni, 
‘ Gray ; Hippasteria cornuta, Gray ; Goniaster 
(8)| + Secie'| Petre til escres|[metstee hl acte? Ih wwes | oles. If feete. «imteaye ase equestris, Forbes; Astrogonium phrygianum, 
' Miiller and Troschel; Goniaster abbensis, 
Forbes; Astrogoniwm aculeatum, Barrett ; 
Goniaster phrygianus, Norman ; Hippasteria 
phrygiana, Verrill; Pentagonaster (Astrogo- 
nium) aculeatus, Perrier. 
(B\tsoo. |] oc5)|| SP I) 005 I) coS It ooo! Boe | JERS see |] bee aon = Oreaster afinis, Miiller and Troschel. 
(C)||\ soe ||- Gab) || po || coe cool coa || a) IEAM |e. |! sce sie = Oreaster alveolatus, Bell. 
Gap | goa |i"e00 |Vkasn ||P dea |Leoco: |I\"o00 (Bgl) al LA ea ase = Oreaster australis, Liitken. 


THE VOYAGE OF H.M.S. CHALLENGER. 


PHANEROZONIA. 
PENTACEROTIDE. 


Pentaceros, Linck. 
P. belli, de Loriol 


P. caledonicus, Perrier 
*P. callimorphus, Sladen 


P. carinatus, Miiller and Poe} 
chel, sp. . 


P. chinensis, Gray 
P. cumingi, Gray 


P. decipiens, Bell, sp. 
*P. dorsatus (Linné), Perrier 


P. forcipulosus, Liitken 


P. gracilis, Liitken, sp. 


— 


P. granulosus, Gray . 


P. grayt, Bell, sp... ° { 


P. hedemanni, Liitken, sp. 
P. hiuleus, Linck . | 
P. luetkeni, Bell, sp. . . 


P.mammillatus (Audouin), Perrier 


P. muricatus, Linck . 


RANGE IN 
LOCALITIES. DrprH: NASER ia ee SEA- 
FATHOMS. ue 
Mauritiass*, “OO nema Le elt lvesenc ath | Git eee ns 
New Caledonia. 
Torres Strait. 6 Coral mud 


Adriatic (?). 


China. 
Guayaquil. 
Billiton. 


Cape Verde Islands. 


Coast of Guinea (W. Africa). 

East Australia; Port Deni- 
son; Port Molle, Queens- 
land (fide Bell). 

Swan River; Freemantle. 


Billiton ; Mauritius ; (?) Zan- 
zibar. 


Billiton. 


Zanzibar; Mauritius; New 


Ireland ( fide Studer). 


Billiton. 


Red Sea; Mauritius. ' 


Zanzibar ; Madagascar ; Mau- 
ritius ; Seychelles; Ceylon; 
Madras ; Eastern Archipel- 
ago; New Britain. 


oeeeee 


a7) 


Q) 
@) 


(3) 


(4) 


(5) 
(6) 


7 


(8) 


(9) 


(10) 


(2) 


(1s) 


(4) 


(15) 


(16) 


ar) 


GEOGRAPHICAL AREAS, BATEYMETEIOAY 
Vga ae al WAR acs. (a a ler 
2/23/2/81.818] 8] .#/98/38 
4/4|/3/°|88| 2) 2 | gs| e3| &s 
alal|oCl]¢2{|8s| a |e | ss] ga) “se 
ala |e | See el ao Se | Bede 
eis i|lga]s |\Fel & ] B AS] 88] 238 
SiS. I) Sie! Seed se |i ce cle mel Orcea ates 
a n at nN . ° 3 48 

= 
1M VO on ae Ve PA ane Gey Ah oh Iho LN 
q 1p) 
ant 6 L 
a e 6 
Ee L 
a + L sce 
+ L ke 
Ss L ae 
re L : 
1; 
+ Iv 
+ L 
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TEMPERATURE: 


(ZOOL, CHALL. EXP,—PART LI.—1888.) 


SYNONYMA AND REMARKS. 


= Oreaster carinatus, Miller and Troschel.! 


= Oreaster chinensis, Miiller and Troschel. 
Probably includes Oreaster occidentalis, Verrill.} 


= Oreaster decipiens, Bell. 


Liitken. Incl.: Asterias nodosa (pars), Linné ; 
Oreaster clavatus, Miiller and Troschel. 


{ “sien. dorsatus, Linné; Oreaster dorsatus, 


=Oreaster gracilis, Liitken. 


=Oreaster granulosus, Bell. (A doubtful mem- 
ber of the genus. ) 


= Pentaceros nodosa, Gray (non Linné); Oreaster 
nodosus, Miller and Troschel ; Oreaster grayi, 
Bell. Incl.: Oreaster Clowei, Perrier. (Pro- 
bably the same species as Pentaceros verrucosus, 
Miiller and Troschel, sp., which has priority.) 


=Oreaster Hedemanni, Liitken. 


=Pentaceros gibbus, hiuleus, Linck; Oreaster 
hiulcus, Miiller and Troschel. 


=Oreaster luetkeni, Bell. 


= Asterias mammillata, Audouin ; Oreaster mam- 
millatus, Miiller and Troschel, 


=Pentaceros gibbus, muricatus, Linck; Pen- 
taceros muricatus,Gray. Incl.: Asterias Linkii, 
de Blainville ; Oreaster muricatus, Dujardin 
and Hupé; Oreaster Linckii, Liitken ; Oreaster 
castellum, Grube ; Oreaster nodosus, var, muri- 
catus, von Martens. 


96 
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RANGE IN 
: NATURE OF THE SEA- 
L ES. D g 
OCALITIES. ne ois Borrom, 
PHANEROZONIA. 
PENTACEROTIDE. 
Pentaceros, Linck. 
P. muellert, Bell, sp.. : . | Billiton. goa | sted a) 
P. nodulosus, Perrier . ; . | W. and N.W. Australia, see cc 0 (2) 
y ; < Margarita Bay; Cape San 
P. occidentalis, Verrill, sp. | i a Daan ma; Guaat \ 12-18 Rocky ground. (3) 
P. orientalis, Miiller and Tros- {| China; New Britain (fide | 
chel, sp. : Studer). ress cae oO 
P. productus, Bell, sp. ; . | Billiton. on | ents eis . 16) 
*P. productus, var. tuberata, Sladen | Off Philippine Islands. 10 Sand. (6) 
P. regulus (Val.), Miller and . 
Troschel, a 7 ), . 5 ; \ Pondicherry (Bay of Bengal). cae Vik Pare. Mescuene (7) 
P. reinhardti, Liitken, sp. . . | Nicobar Islands ean > 1 Ll Se eee (8) 
Florida; Bahamas; Barbados; ) 
baa fe aed Antilles ; Brazil; Abrolhos | ( 
P. reticulatus, Linck . rene Teeomens (West | sop ti‘ in 000 (9) 
Australia. 
P. sladeni, de Loriol . : . | Mauritius. Foc) |e ake meresecadad (10) 
P. superbus, Mobius, sp. . . | Sumatra; Madras (ide Bell). coat if a(S ss -tac (eb) 
P. thurstoni, Bell, sp. ; . | Tuticorin (Madras). eee ee eaclsetaer (12) 
P. troscheli, Bell, sp.. ; . | Billiton. doe if Nocona (138) 
P. tuberci s, Mii rOs- aa oR 
fae ulatus, ee and Tros \ Red Sea; E. coast of Africa, ra || an ee (4) 
Indian Ocean generally ; Eas- 
tern Archipelago; New 
*P. turritus, Linck ; Guinea; Port Essington ; 4-98 (15) 
Cape Grenville; Port Deni- FMT pla eGo achs 
son; New Caledonia; New 
Britain. 
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GEOGRAPHICAL AREAS. Parner 
ne ta | siigelize | vain leer 
aes g| 8 Bisa Si glee «|e 23 38 Borrom 
8 3 8 O;ES| 3 = | ¢3] 88 | &s | Temperature: SYNONYMA AND REMARKS. 
4 4° = a |e ay om SS! gh |. | FAHRENHEIT. 
ee eet SH |e esteSi|) Cela | ReneS ae Saco 
a $s a we) R's B 3 4 S 8 wm | 29 
SS ta Bullet te | so om | Ocular 
wa n o 3 |< a 
7: Ty |) UTS | TiVicy | aVesy |) VAL? | VALI: || Es. C. . 
)ecetalerocics ||, setsu| Mecca estes dl hesretead | amernal | Merle ||Preresct| ners abs =Oreaster muelleri, Bell. 
(Yl dy)! saoee | een ieee | tcc |( erred | ening dna ere |e 506 = Oreaster nodulosus, Bell. : 
Goce d| | Nese | Eel Vee ee ae + ie =Oreaster occidentalis, Yerrill.. (Probably the 
a AR oe ie same species as Pentaceros Cumingii, Gray.) 
(|) cose |] “ASS. rasemn Nebel ecos + + Eilat oa | eae Ato = Oreaster orientalis, Miller and Troschel. 
(B}|:c0c! |) Saaaal heeeteae| bueceed fom sail] |PMsereoan ices | ed Grpeal Hae lt a ae owe =Oreaster productus, Bell. 
(loco: | eae S338 | Rout toca Maser econ || tren lange] cae sels = Oreaster regulus, Miiller and Troschel, 
(S) Perera lipste star | costes |rcrersy I haescstee [I pats ctl merece | lt Moreh leMeeecaet |e _ = Oreaster Reinhardti, Liitken. 
= Pentaceros gibbus, reticulatus, Linck ; Asterias 
reticulata, Linné; Orcaster reticulatus, Miiller 
and Troschel. Incl. : Pentaceros lentiginosus, 
Linck ; Asterias gigas, Linné ; Asterias penta- 
@| + in. on iL. cyphus, Retzius ; Asterias Sebw, de Blainville ; 
: 3 vise Pentaceros grandis, Gray; Pentaceros gibbus, 
Gray ; Pentaceros aculeatus, Gray ; Oreaster 
aculeatus, Miiller and Troschel ; Oreaster lapi- 
darius, Grube ; Oreasten gigas, Liitken ; Pen- 
taceros tuberosus (Behn, M.S.), Mobius.j 
(10) + L oe cesses 
(1) ct + L tee = Oreaster superbus, Mobius. 
(gh) cop at L oo = Oreaster thurstoni," Bell, ° 
@3)) + L wee = Oreaster troscheli, Bell. 
a a I =Oreaster tuberculatus, Miiller and Troschel. 
(4) 3 4 (Probably the same as Pentaceros mammillatus 
(Audouin), Perrier.) 
=Pentaceros gibbus, turritus, Linck ; Oreaster 
( turritus, Miiller and Troschel. Incl.: Asterias 
(15)|| se Sc0 + Su0 + see + AG, ae a2 cle nodosa ( pars), Linné ; Pentaceros Franklinii, 
4 I hs Gray ; Pentaceros modestus, Gray ; Oreaster 
| mammosus, Perrier ; Oreaster nodosus, Bell. ; 


764 THE VOYAGE OF H.M.S. CHALLENGER. 


LocaLitizs. 


RANGE IN 
DEPTH : 
FaTHoMs. 


PHANEROZONIA. 
PENTACEROTIDZ. 


Pentaceros, Linck. 
P. valvulatus, Miller and Troschel 


P. verrucosus, Miiller and Tros- 
chel, sp. ° . . 
P. westermannt, Liitken, sp. 
Nidorellia, Gray. 
NV, armata (Gray), Verrill . 


NV. michelini, Perrier , a 
Amphiaster, Verrill. 

A. insignis, Verrill . 
} Pentaceropsis, Sladen. 


*P, obtusatus, Bory de Saint Vin- ) 
cent, sp. ° : J 


Culcita, Agassiz.’ 
C. acutispina, Bell . : 5 


C. arenosa (Val.), Perrier . 


C. coriacea, Miiller and Tros- | 
chel A - 


J 
C. grex, Miiller and Troschel { 


*C. nove-guinex, Miiller Pas 
Troschel ; : E 


C. pentangularis, Gray 


S.W. Australia. 


India, 


Bengal. 


W. coast of Central America, 
extending from California 
to Ecuador. 


Mazatlan. 


La Paz. 


Philippine Islands; Mauri- 
tius (2). 


New Hebrides. 
Sandwich Islands, 


Red Sea; Mozambique; Mau- 
Titius. 


Moluccas; Andaman Islands 
( jide Bell). 


New Guinea; New Hanover; 
N.E. Australia; Nicobar 
Islands (fide Liitken). 


Mozambique ; Torres Strait; 
Fiji Islands; N.E. and W. 
Australia,” 


\ Shallow. 


NATURE OF THE SEA- 
~ Borrom, 


ee eeee 


eeeeee 


ee eeee 


eeccee 


Sand. 


Q) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


(10) 


qu) 


(2) 


(as) 
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GEOGRAPHICAL AREAS, BATE aTEIGAy 
Otel ier s|s| «| 2/38 
2/3 8 3 ae a|a]g 43 $s Borros 
a Ss ) ° 5S 3 @ | $3] 63] & 8 | TEMPERATURE: SYNONYMA AND REMARKS. 
Sat Il yc he A ige) & | & | ge] oe) | FAHRENHEIT. 
2 Pe q o | ag] a {3 Bo|'3e 
E/3)/3/3 /"S] B | 2/48] s3] ss 
S) 5 a 4 = alee) ag 
a|\a|a| 3 | oes) Oe aig 

ve] 
16 IL. | (III. | Iv. Wiss |/SViles | ,VeLE | E C. A 
‘Qh Sco" Soa ese Wenee: {voce | coer! | cae fou! Bil abel in eee eis = Oreaster valvulatus, Miiller and Troschel. 


Oreaster verrucosus, Miiller and Troschel. Pro- 
bably includes Pentaceros nodosus, Gray (non 
“@)\|| coos | eoda q dog) Soe. |leage Ainge tO if Ree Pica ne Linné), Oreaster nodosus, Miiller and Tros- 
chel, Oreaster Clouei, Perrier, and Oreaster 
grayi, Bell. 


QP con, {| Socea | Sel reo licontel Meccan eee | ie icice al Weare wes =Oreaster Westermanni, Liitken. 


= Pentaceros (Nidorellia) armatus, Gray ; Ore- 
aster armatus, Miiller and Troschel ; Gonio- 

(Ay) eee | vee | vee | cee | cee ny ar UV [erocone| | aoeha tee discus armatus, Liitken. Incl.: Goniodiscus 

conifer, Mobius ; Goniodiscus stella, Verrill. 


()| « ae itt; =Goniodiscus Michelini, Perrier ; Oreaster ar- 
matus (pars), Liitken. 
(G)| Mercom tore oti |reistedk (iteisc)i|fetereen | ict lh secehe | ceils, | eerie ieee atic wenise 6 
=Asterias obtusatus, Bory de Saint Vincent ; 
(7 «ee 2 + af iL; Oreaster obtusatus, Miiller and Troschel ; Pen- 
taceros obtusatus, Perrier. 
(6)}|coe 4 Goots| [eases |tcbct luedee Moet Aecoall| Ore eee beck oF Serco 
aL) Widoce| M6ceu|| te |b ase. | once eee lecmal feo Feel | eran es ee seeeve 
(abe) aoc || oan Ware Weedon h ace Aliment |Ocan |e by cit ec ee ste Incl.: Culcita Nove Guinex, Perrier (olim). 
C12) eersroyl | eretosl | eretereea| Prsrerot|Maetene| eee i etme Lapel ae awed | nes MSE Incl.: Culcita pulverulenta (Val.), Perrier, 
| Incl. : Randasia granulata, Gray ; Culcita grex 
(OL) Gaga | coe aera [sect | Gre Aceon ee oe Wt Del reo ane ae Porrien (lan J 3 y 
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PHANEROZONIA, 
PENTACEROTIDA, 


Culcita, Agassiz. 


C. schmideliana (Retzius), Gray 


C. veneris, Perrier 


Asterodiscus, Gray, 


LOcALITIES. 


*A. elegans, Gray : - { 


Choriaster, Liitken. 


*C. granulatus, Liitken 3 


Paulia, Gray. 


P.horvida, Gray. . 


Asteropsis, Miiller and Troschel, 


A, vernicina Coe Miiller 
and Troschel.. . 


Dermasterias, Perrier. 
D. imbricata (Grube), Perrier 


Gymnasteria, Gray. 


*G. carinifera (Lamarck), von 
Martens F 


Family GymvasTERUD», Perrier. 


i 
( 


CHALLENGER. 


RANGE IN 
DEPTH : 
FaTHOMS, 


NATURE OF THE SEA- 
Bottom. 


Red Sea; Zanzibar; Madagas- 
car; Mauritius; Ceylon; 
(?) Andaman Islands (fide 
Bell); Amboina; Galapagos 
Islands (fide Gray). 


St. Paul Island. 


Philippine Islands; N.E. 
China. 


Philippine Islands; Pelew 
Islands; Fiji Islands; New 
Zealand, 


Punta Santa Elena (Ecuador) 


Panama (fide Perrier); Port 
Jackson (fide Bell). 


From Vancouver Island to 
San Francisco. 


Red Sea; Mauritius; Ceylon; 
Eastern Archipelago ; New 
Caledonia; Fijt- Islands ; 
Sandwich Islds. ; Panama. 


coe 


10 


10 


Shallow. 


| 


tenes 


stoner 


Q) 


(2) 


North Atlantic. 


_ 
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GEOGRAPHICAL AREAS. BaTHYMETRICAL 
ZONES. 
3 || & : : Sails 
te 8 3 $| 8 | 4 ~8Iz 5 3 5 Borrom 
a SI ° gs 3 3 | eS) 8% | &8 | TeMperarore: SYNONYMA AND REMARKS. 
4 2 a ]/2e) & a | os sf |_-4 | FAHRENHEIT, 
| Geelpecea esd a |B) Bo|Go 
aq “4 a Ho » Ss Ro ==) ads 
= oOo +S a is 3 HS] om] 2H 
=} a =] ine 5 Hlot|Pa 
i=) ni i) a DR ! e\|aea 
n mn S 614.4 
2S 
A TOT OEM Be ee as adi) i Cc. 
Me =Asterias schmideliana, Retzius. Incl.: Aste- 
ar fs Spe 2 Ip cote litaac sia rias discoidea, Lamarck ; Culcita discoidea, 
Agassiz. . 
S00 SE é L ae AACKIOO 
ab + ily, aT) |G 0 IIRL atceTol . 
a0e area Preller al) BP too || sce acc poKOnS 
if =(Goniodiscus (?) ‘horridus, Miiller and Tros- 
CaN ee * Core || )A22% we chel; Nidorellia horrida, Perrier. 
* 
= Asterias vernicina, Lamarck. Incl.: Petricia 
c ee é ZA 
punctata, Gray. 
= Asteropsis imbricata, Grube. Incl. : Gymnas- 
re teria inermis, Verrill (non Gray) (?). 
=Asterias carinifera, Lamarck; Asterope cari- 
nifera, Miiller and Troschel ; Asteropsis cari- 
ab it ae fe, 16; Wace nifera, Miller and Troschel. Incl. : Gymnas- 
teriaspinosa, Gray; Gymnasteria inermis, Gray ; 
Gymnasterias biserrata, von Martens (?). 
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| LOCALITIES. ‘Darna AGE OF eae Bre 
| 
PHANEROZONIA. 
GYMNASTERUDE. 
Gymnasteria, Gray. 
(?) @. biserrata, von Martens Larentuka. a . ay 
G. valvulata, Perrier . . Galapagos Islands. . (2) 


Tylaster, Danielssen and Koren. 


T. willei, Danielssen and Koren { 


Porania, Gray. 


*P. antarctica, Smith . 


*P. glaber, Sladen, ; 


P. grandis, Verrill , ° 


*P. magellanica, Studer 


4 Norman D . 


*P, spiculata, Sladen . 


Marginaster, Perrier. 
M. echinulatus, Perrier, 
M. jimbriatus, Sladen 
M. pectinatus, Perrier 


M. pentagonus, Perrier 


M. (?) capreensis, Gasco, sp. 


= ane 


P. pulvillus (O. F. Miiller), { 


f 
t 


Off Spitzbergen, and between 
Spitzbergen and Norway. 


Kerguelen; Marion Island ; 
Prince Edward Island; Cro- 
zet Islands; South Georgia. 

Kerguelen Island. 


E. of North America, 


Off Patagonia; in Strait of 
Magellan. 


Off the coasts of Scandinavia 
and Britain, 


Off Heard Island; off the 
Arrou Islands. 


Off Barbados. 

N. of Ireland, 

Off coast of Yucatan. 
“Talisman” dredging, No. 37. 


Off Island of Capri. 


\ 416-1200 { 


50-1600 1 


30-127 
66-373 


\ 4s 


Clay; Biloculina clay; | 


Bluish green clay. j @ 


Diatom ooze (1600 . 
fathoms), o 


60083 (5y 


So8nes (6) 


Green sand, @ 


seecee (8) 


canic mud; Green 
mud, 


Coarse gravel; Vol- 
(9) 
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Incl.: Goni- 


GEOGRAPHICAL AREAS. Ee OAL 
3 é " 6 P a i a wo 
s/s g 3 Sol a ee | Ela 5 = g Borrom 
a | & 8 O1ga! 8 a |33/ 8 3 3S | TEMPERATURE: SYNONYMA AND REMARKS. 
z ae aA ]/ea) & A | § E 2 | -& | FAHRENHEIT. 
sl | seek tee le | Sse | sounds 
7 o= 3 re) B B |Hin | 55] 25 
Sole teeth Seley le ore | Sea ee 
a mR nm os — 5 a Be 
I. EE | ELE Ver Va | Vas | Vib Ee C. A. 
1 Fae Probably the young form of Gymnasteria cari- 
OR : nifera (Lamarck), von Martens, 
Dene Weise | tesa Were |iece || ses |) Type probably a young form. 
3), + © A 29%-1=33%-4 oer 
|)... | + ) Steal hee I KOE MN Gano ae te 5 e Wen ater 
(5)\Wece llnessilereta ||| ; : er scaser 
@P-ae AP aoe | oceellsoend Mesoul Raeer C 5 See oY Oe Sess 
(7)] «0 cC + 1D; ps Incl.: Porania patagonica, Perrier (%), 
=Asterias pulvillus, O. F. Miiller ; Asteropsis 
pulvillus, Miiller and Troschel. 
(8) + L oe aster Templetoni, Forbes ; Porania gibbosa, 
Gray; Asteropsis ctenacantha, Miiller and 
Troschel, 
ZO S00 MN coo: Ih oan ||) eas |e I || CY A Bsa oe 
(10)} + L eSil, CO giccte ie LAA) eh easere 
q@yy + . doo. || 2s SOT i eee 
ay) + : 3 L coor wee Kcceaae bee) 5 © ci svauceers 
(13) + | eee ere POC etal less PIO fo Wy | encase 
a4), + oo . L x = Asteropsis capreensis, Gasco. 
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RANGE IN | 
iT; 7 D : NATURE OF THE SEA- 
woe: cone Bortom. 
PHANEROZONIA. 
GYMNASTERUDZ. 
Rhegaster, Sladen. 
R. murrayt, Sladen’ . ° . | In the Faerée Channel. 285-433 Godabs Q) 
Off Nova Zembla, Spitz- : 
R. tumidus, Stuxberg, sp. . | bergen, the coasts of Nor- 5-658 { ppeletrs clay hen i () 
| way and Siberia. ae 
R. tumidus, var. tuberculata \| Between Norway and Spitz- 146-457 Grey sandy clay; ‘ 
(Danielssen and Koren). —— {| _ bergen. = Blue clay ; Hard. f | 
Poraniomorpha, Danielssen and Koren 
P. borealis, Verrill E. of North America. GD = 2) Sill mn tastes (4) 
P. rosea, Danielssen and Koren . | N.W. of Bergen. 220 Ooze and Clay. (5) 
P. spinulosa, Verrill . 5 . | E. of North America, WRENN be ; (6y 


Lasiaster, Sladen, 


L. hispidus, Sars,'sp. . . 


—_——_ 


L. villosus, Sladen' 


Family Asrerivip, Gray, emend. 
Perrier. 
Subfamily Ganeruna#, Sladen. 


Cycethra, Bell. 


*C. electilis, Sladen. . 


*C, nitida, Sladen. ; 


*C, pinguis, Sladen. 


C. simplex, Bell . ; 


Off the Lofoten Islands ; and Greenish clay, Stones, 


107-300 | } oy 


between Spitzbergen and 

the Scandinavian coast. end lay, 
In the Faerée Channel. 42 | ene <> (8) 
Off the Falkland Islands. 12 Sand and gravel, (9) 
Off Cape. Virgins, off Strait \ Sand 

of Magellan. ze pie a) 
Off Cape Virgins, off Strait \ Sand. 

of Magellan. a ace an) 
Trinidad Channel,.-W. coast - ) 

of Patagonia; off Buenos 30 Sand. (12) 

Ayres (fide Studer) | 
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GEOGRAPHICAL AREAS. a ee res 
Ss 3 3 & “ i] 3 Z aE 
2/812) 2/.8| 8) |+2/28| $8|_. Boom 
& a 3 o | fe] 8 8 | ¢4] 8S] & 3 | Temperarore: 
eS | SO Se; a | & | 88] 82) VS] Panrenuerr 
El ean lime lee fsest £0 / 65/35 Gee 
2/42/18 /|4 /82/ 2) |3e| #8] 28 
orl Slr aaleeiWect ie: || 3. pee loeetes 
mel ae Sey ie ea iced imecat ca 
a TTS OLE |) EVE |) Ve. | VIE. | Vea Cc. A. 
| + C 40°*8-43°+5 
@)| + By We || AC ot 
(3) + Fala 30°-0-33°-9 |} 
} |. 
@) + C 
(| + 42°°8 
(| + |.. L/C ws 
(7) + | 1; @! se 
(8)} + | .. A 43°°7 
oe 
Ni con || aE L . 
(10) ab LL 47°°8 
qa) =f a6 47°°8 
(12) + ‘ : + | L 


. 


= Asterina borealis, Verrill (olim). 


eeeeee 


=Porania spinulosa, Verrill (olim). 


=Solaster tumidus, Stuxberg ; Asterina tumida, 
Danielssen and Koren, 


= Asterina tumida,-var. tuberculata, Danielssen 


= Goniaster hispidus, Sars ; Pentagonaster (Astro 
gontum) hispidus, Perrier, 


THE VOYAGE OF H.M.S. CHALLENGER, 


NATURE OF THE SEA- 
Borrom. 


RANGE IN 
LOCALITIES. DEPTH: 
FATHOMS. 
PHANEROZONIA. 
ASTERINIDE. 
GANERIINE. 
Ganeria, Gray. 
x@. falkilandica, Gray . i‘ { Off Falkland Islands and off \ 5D 


Subfamily Asterinin2, Sladen. . 


Patiria, Gray, emend. Perrier. 
*P. bellula, Sladen. . 


P. crassa, Gray . A 0 { 


P. ocellifera, Gray. . 
Nepanthia, Gray. 
N. belcheri, Perrier, sp. 
*N. brevis, Perrier, sp. 5 { 
*N. maculata, Gray . . | 
NV. suffarcinata, Sladen. 


Asterina, Nardo. 


A. calcar (Lamarck), Gray { 


A. calcarata (Val.), Perrier 


*A. cepheus (Miiller and Troschel), 
von Martens . . fi 


A, chilensis, Liitken . - 


A. coccinea (Miiller and Tros- 
chel), Perrier. : \ 


A. coronata, von Martens , 


Cape Virgins. 


Simon’s Bay (Cape of Good 
Hope). 

W. Australia; Port Curtis; 
Port Phillip. 


W. Australia (fide T. Woods). 


Port Jackson (fide Bell). 


Torres Strait, N.W. Australia 
(jide Studer). 


Arafura Sea; Migupou (jide 
Gray); off New Guinea 
(fide Studer). 


Mergui Archipelago. 


S.and8.E, Australia ; (?) Tas- 
mania. 


Chili, 

Red Sea; Mozambique; Zanzi- 
bar; Ceylon; Nicobar Is- 
lands; Madras; Mergui ; 
Java; Philippines; Torres 
Strait; New Guinea; New 
Caledonia. 


-| Peru ; Chili. 


Cape of Good Hope ; Mozam- 
bique. 


Mozambique ; Moluccas. 


\ Shallow. 


l 
J 


0-4 


2-70 


Sand. 


eeeeee 


eeeeee 


teens 


Shell sand, Coral mud. 


28-400 Green mud. 


—S—_ 


Coral reefs, 


(11) 
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BATHYMETRICAL 
GEOGRAPHICAL AREAS, ZONES, 
3 i} = 4 : * n Lj 5 EB 
3 = A a >| ¢ ad 
q ae eceaes FI &| 3 a 8/23] 28 Borrom 
3 = 8 Oo };}ES; 8 a | £8] #8] && | Temperaroure: SYNONYMA AND REMARKS. 
4/4), ) 2/2) &@ | & | $8) se! 2] Faurenaerr. 
a|a|2/4/83| 2/3 /3s/338| #8 
Se 3) eleel S| 2 Wa ier tee 
ee | al 3 4 | on 3|°s = a 
16 DT || SETS | Vs Ve) Vale | AVAL, C. A. 
Ge EED |ees, Soca teese, [Pscou lisse hess Pac BTS) ONE oe rae 
C2 Moeran tear eros [descts 0 || eee as] aces iiteliay |e eee trees S| eR | rota 
(El -SSe. || “Seow | Wea lec (Mec een [ene cai eel Chima een re ee te |) no Whore 
lace meesectsaligowoe feat ill cssuilturcy Mela! [faceless ECs el aad YT Beene 
(6)| .. + (EN) ee [ace m8 = Asterina (Nepanthia) Belcheri, Perrier; As- 
terina belcheri, Bell; Nepanthia belcheri, Bell. 
(8)] see | oe sgl eee hosen| UN” cae || sea see = Asterina (Nepanthia) brevis, Perrier, 
x L Chetaster (2?) maculatus, Miiller and Troschel ; 
CT) eee | cee | cee | eee at see | eee soe | cee Chetaster cylindratus, Mobius (?); Asterina 
(Nepanthia) maculata, Perrier. 
| j = Asterias calear, "var. c, octogona, Lamarck ; 
(OW voce: IMaoowy one Ranh ||| sdonsd sone) ae I nll echt lier Ss 400 Asteriscus: australis (pair's), Miiller and Tros- 
( chels. =, 
(ON cd lh Gdael|* 6am, Al Gac th Goo) {ode + Wii |ieeseon|t fone Ado = Asteriscus calcaratus, Valenciennes, } 
= Asteriscus cepheus, Miiller and Troschel. Incl.: 
11)] ... site eee ses ee 5p eee i BOnraT ; 
@ es 3 af L|. 2 Asterina Burtonti, Gray. 
(12) -|- 1 ay eee ee ae =Patiria chilensis, Verrill. 
= Asteriscus coccineus, Miiller and Troschel ; 
(13))_ -.. ae + wee ado ateye 60 10; ae iste eee Patiria coccinea, Gray. 
(14) + + IGalitaese eee ||) Mamiecor lil) get PO Meet tercsctcn 
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PHANEROZONIA. 
ASTERINIDA. 
ASTERININE. 
Asterina, Nardo. 


*A. exigua (Lamarck), Perrier 


A. fimbriata, Perrier . , 


*A. folium (Liitken), Agassiz 


A, gayi, Perrier 3 . 
A. gibbosa (Pennant), Forbes 


A. granifera (Gray), Perrier 


A. granulosa, Perrier. 


*A. gunnii, Gray : 


A, lymani, Perrier 


A. marginata (Val.), Perrier . 


miniata (Brandt), Perrier 
minuta, Gray ° . 


. modesta (Verrill), Perrier 


a aS 


. nove-zealandiz, Perrier . 


LOCALITIES. 


RANGE IN 


an 


Cape of Good Hope; Natal; 
Madagascar ; Mauritius ; 
Java; Moluccas; Philip- 
pine Islands; New Guinea; 
S. and E. Australia; St. 
Paul Island, 


Island of Bourbon ; Strait of 
Magellan. 


Antilles ; Bermuda, 


Chili. 
Off European and N. Afri- 


can coasts ; Mediterranean ; 
Azores (fide Barrois). Also 
reputed to occur in the In- 
dian Ocean and Eastern 
Archipelago ; but probably 
A. cepheus is the species in 
question, 


Cape of Good Hope. 

Sandwich Islands. 

Cape of Good Hope; Port 
Molle; South Australia ; 
Port Phillip; Tasmania. 

Barbados. - 

Rio Janeiro; Senegal; (?) 
Canary Islands. - 

Sitcha; California, 

Antilles, 

Panama; Pearl Islands. 


New Zealand, 


j 


a 


NATURE OF THE SEA- 
DEPTH : 
FATHOMS. Borrom, 
10 Coral reefs, &c. q) 
Webra (2) 
ehicee (3) 
Saeaen - |(4) 
O=355" 4) teats * 16) 
Rathi (6) 
Sileses (7) 
7 (8) 
Broken shells and 
90- 
120-140 { corals. } ) 


\(10) 


qu) 
(12) 
(13) 


(4) 


Q) 


@) 


@) 


(4) 


©) 


(6) 


7) 


(10) 


a 
a2) 
13) 


as) 
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SYNONYMA AND REMARKS. 


GEOGRAPHICAL AREAS. Bare 
Se Satu ap cabelas a: | amie ae ace 
aie) 212).8| 4] $ |2/28| 38 | porx 
sld/8i/°C/88) 8 2 | 2] 88] &8 | Temeeratore: 
x 4 a |/2a) o A | oS) 36 | -— | FAHRENHEIT, 
zy q o |) aa] a a |84|30| Be 
a a si qd Ho > 3 RSM IN| ESS 
7 3 a=} o>} Et 3s |/HS] 85] 25 
SS ei Mea S|) Bie e af [ie da leer 
42|a R o/ 8/43 
. > 
I IL TE TVeaeVig |) Vile | Vaden Jus Cc. A. 
opel + fos aria || ATH ees aes 
és nn ag 5 . L é 
OP set ||) here's G 
tr iess |) q wea bal : 
ee stone Kine e 
é + ae 
+ aE + |L - on5 
+ : les 2. || 0600-015 
fe ae 15; aoe 
nee + L one 
+ 10 see 
aes a A srl 16; 3 


=Asterias exigua, Lamarck, Incl.: Asterias 
minuta, de Blainville; Asterina Kraussii, 
Gray ; Asteriscus pentagonus, Miiller and 
Troschel ; Asteriscus Kraussit, Miiller and 
Troschel ; Asterina pentagona, von Martens. 


=Asteriscus folium, Liitken. 


= Asteriscus calcaratus, Val., M.S. (pars). 


=Asterias gibbosa, Pennant; Asteriscus gib- 
bosus, Fischer. Incl.: Asterias verruculata, 
Retzius ; Asterias exigua, Delle Chiaje ; As- 
terias pulchella, de Blainville ; Asterina mi- 
nuta, Nardo; Asteriscus verruculata, Miiller 
and Troschel. 


=Patiria granifera, Gray. * 
seceee 


=Asterias calear, var. b., Lamarck 3 Asteriscus 
australis (pars), Miiller and Troschel. Incl. : 
Asteriscus Diesingi, Miiller and Troschel ; As- 
teriscus calcar, Dujardin and Hupé; Asteriscus 
exiguus, Perrier (oli). 


eeeeee 


=Asteriscus marginatus (Valenciennes, M.S.), 
Perrier. Incl.; Asteriscus minutus, Miiller 
and: Troschel ; Asteriscus stellifer, Mobius ; 
Asteriscus brasiliensis, Liitken ; Asterina stel- 
lifera,Liitken; (2) Asteriscus arrecifiensis, Greeff, 


= Asterias miniata, Brandt. 
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RANGE IN 
: NATURE OF THE SEA- 
Li b D A 
OCALITIES, manon Bortom. 
PHANEROZONIA. 
ASTERINIDE. 
ASTERININE. 
Asterina, Nardo. 
A. obtusa (Gray), Perrier . . | Panama. Jao WD Bae eee @) 
*A. pectinifera (Miiller and 9 P 
Troschel), von Martens . ue: ede ed Wag eto ie 
Res A : Red Sea; Port Natal; Java ; 
A esting -(Lamarck), von f Flores ; Moluccas ; “Austra, S50 [° leeuees (3) 
; i r | lia; Japan. 
A. pilosa, Perrier. : . | Dominica, 118 { ern and broken i (4) 
A, pusilla, Perrier. : . | Talcahuano (Chili). sige WIP Peat) faces . (5) 
A, pygmea, Verrill . B . | E. of North America, Be teen) Ins (Rae see: (6) 
*A, regularis, Verrill . : { guts ats Re Jackson ; \ TOG Bie ye) feeeeen (7) 
A, setacea (Val.), Perrier . F q 2 2 (8) 
A, squamata (Val.), Perrier . | Senegal. coe ae [est Wane, Becenee 9) 
A, stellaris, Perrier . ; - 2 q 4 (10) 
A. trochiscus (Retzius), Perrier . | Indian Ocean (2) soo cc (11) 
A. wega (Val.), Perrier. - | Red Sea; Mauritius. 5] BBO (12) 
Disasterina, Perrier. 
D. abnormalis, Perrier. - | New Caledonia. coe I n00 (13) 
D. ceylanica, Diderlein . - | Ceylon. Ses.) nil) PON i btaoccs a4) 
Subfamily Patampepina, Sladen, 
Palmipes, Linck. 
*P. diaphanus, Sladen . - | N. of Admiralty Island. 150 Coral mud. (15) 


tI ee | 


Q) 


(2) 


(3) 


(4) 
(6) 


(6) 


@) 


(8) 
(9) 


(10) 


al) 


a2) 


3) 


(4) 


REPORT ON THE ASTEROIDEA, “GLE 
GEOGRAPHICAL AREAS. ee es 
: : a : : Si 6 Be 
Sulrcelb gel sulmentesilig, || 2a: cps Sei Rorrox 
a s a 7) eo | Ff) es] ea = 
q| 2 $ | O }kSie8 2 | €3)] €2| &8 | Temperaroure: SYNONYMA AND REMARKS. 
ib ec) ° a} Sh)e | & | se] 8s | | FAHRENHEIT. 
SN 8 |as| 2 | a |22/Sel8e 
S/4a|s | a8 |e] £] 8 As] $8] és 
= =] as 3 S i} nal i me 
S 3 a 2 SHEE n r|/°s|23 
GA R cae n Ss 2 | 4 a 
‘i We | LUTE Ven |e Wee |) Vale, |) VedKS) | eee c A. 
+ L or = Patiria obtusa, Gray. 
ese |) a +t L : aoe {{ = Asteriscus pectinifer, Miller and Troschel. 
=Asterias penicillaris, Lamarck; Asteriscus 
se sheaths au + op. + L ad penicillaris, Miller and Troschel. 
ap |, Gon 5 65° ae 
coe C ar = Asteriscus calcaratus, Val., M.S, (pars). j 
“exe Yh 0 Vat Ua Wma Nel es We ee Ue ud ee) le ee Fees rocod 
= Asterina Gunnii, var., Gray ; Asteriscus aus- 
it, tralis (pars), Miiller and Troschel ; Asterina 
coo | vee | + 20 (Asteriscus) reguaris, Verrill, Incl. : Asterina 
cabbalistica, Liitken, 
= Ay | is = Asteriscus setaceus (Val.), Miiller and Troschel. 
ar |) ooo || Sa0 = Asteriscus squamatus (Val.), Perrier (olim). 
tL = Asterias trochiscus, Retzius ; Asteriscus trochis- 
eee se cus, Miiller and Troschel. 
oe 1B; = Asteriscus wega (Val.), Perrier (olim). 
oo ; Bo OCS 
. “e Tells bene Melee pe hare 
“00 : 500 || cac FE || cab) \ecaon tooo |W) Tones Vil fe) ye scoone0 
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LOooaLivizs. 


PHANEROZONIA. 
ASTERINIDA. 
PALMIPEDINE. 


Palmipes, Linck. 
British Isles ; English Chan- 
P. membranaceus, Linck . nel; coast of France; Me- 
diterranean ; Adriatic. 


1% Li k), Dujard 
a nes Oaae ) oe a Japan ; Bay of Bengal. 


Stegnaster, Sladen. 
S. inflatus, Hutton, sp. . | New Zealand.’ 


S. wesseli, Perrier, sp. 5 - | Barbados ; off Florida, 


ASTERINID® incertz sedis : 
Tremaster, Verrill. 


Off George’s Bank, Nova 


RANGES oral: : { Scotia, and Newfoundland. 


Order CRYPTOZONTA, Sladen. 
Family Ziwcx1p, Perrier, emend. 
Subfamily CazrTasTErinz, 
Sladen. 


Chetaster, Miiller and Troschel. 
*C, longipes (Retzius), Sars . 


muda; 8. of Cape Palmas 
(fide Studer). 


: Guadeloupe ; Cape Verde Is} 
C. nodosus, Perrier finda (ide'Studen 
(2) C. hermanni, Miiller and 
Troschel 


Mediterranean ; Azores ; Ber- 
f 
\ 
\ ' 


RANGE IN 
DEPTH : 
FatuHoms. 


20-100 
f 


101 


\ 150-250 


30-450 


var 


NATURE OF THE SEA- 


Bottom. 
solssee (1) 
° @) 
oe (3) 
seis e (4) 
pe leicle (6) 


Coral ; Volcanic mud. |) 
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BATHYMETRICAL 
GEOGRAPHICAL AREAS. ZONES. 
Ss & a A bs of a) a3 
= os : s 
2/212) 2] 8] 4 | 4 18/8] 28] Boru 
a scl Sal) S BS| @ 8 | 24s| es | ss | Tewperatore: SYNONYMA AND REMARKS. 
|| = 2 ge /28/ 5 | & | Se) 28) es | Faurennurr. 
ele | sell |) 2 BE | See 
<) Sis 3 |Re] & 3 |HS/ §S]| 25 
Se Salsa celiesti et \bcn teen | Oay eee 
2 R 
A n aS =| 
I. 106 200 AQ) AS NAR NAb 1 C. A 


=Asterias membranacea, Retzius; Anseropoda 
membranacea, Nardo; Asteriscus membrana- 
Ps L cea, Miiller and Troschel. Incl.: Asterias 
@) Coad ceil (Ree a || oe taal meen ates pied] 1 eR eee placenta,» Pennant ; Asterias cartilaginea, 
Fleming ; Asteriscus palmipes, Miiller and 
Troschel ; Palmipes placenta, Norman, 


=Asterias rosacea, var. lobis quindenis, La- 
marck; Asteriscus rosaceus, Miller and Tros- 


2) erena ese n deter allfscen Ilteoce |e cteeullerectoot |perlisy lire sella ae 
chel. Incl. : Palmipes Stokesit, Gray. 
=Pteraster inflatus, Hutton ; Palmipes inflatus, 
(3) vee : op || 2 Perrier. ‘ so 
CAM ae linestes || rene am) ieee 0 Da iksaeed | ee 61°°75 $= Asterina Wesseli, Perrier.4 
(| + | eee : C Sa) Wey Ae | hid ee cocoa 


= Asterias longipes, Retzius ; Astropecten (Astro- 
pus) longipes, Gray. Incl.: Asterias subulata, 

(OF 22 Ih ic56. [IM ea0 |Isc0c- IP scaowl|| Goo. |l" os. |) IE; Cees: ose Lamarck ; Chetaster subulatus, Miller and 

Troschel ; Nepanthia tessellata, Gray. 
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CRYPTOZONIA. 
LINCKUD. 


Subfamily Lincemn4, Sladen. 


Fromia, Gray. 


F. balansx, Perrier . . 
F. indica, Perrier . . 
F, japonica, Perrier . 5 


*F. milleporella (Lamarck), oy 


F. monilis (Val.), Perrier . 


ff. tumida, Bell . ° 


Ferdina, Gray. 
F. cancellata, Grube, sp. . 


F. cumingti, Gray. : 


F, flavescens, Gray. 4 


f 
( 


f 
\ 


F, Ieiihlii,Miiller and Troschel, sp. 


Ophidiaster, Agassiz. 


O. agassizit, Perrier . 


O. arenatus (Lamarck), Perrier . 


*O, attenuatus, Gray . 


O. bicolor (Lamarck), Perrier 


LOCALITIES. 


THE VOYAGE OF H.M.S. CHALLENGER. 


RANGE IN 
DEPTH: 
FATHOMS. 


New Caledonia. 


Indian Ocean ; Andaman Is- 
lands. 


Japan. 

Red Sea; Mauritius; Mada- 
gascar ; Ceylon; Moluccas; 
Amboina ; New Caledonia ; 


Fiji, Samoa, and Loo Choo 
Islands. 


Amboina; New Guinea (jide 
Studer). 


Ceylon ; Andaman Islands, ' 


Fiji Islands (Muss. Copen- 
hagen and Berlin). 


W. coast of Columbia. 
Mauritius. 


Jaya. 


Juan Fernandez. 


q 
Mediterranean ; Azores. 


t 


J 


| 
| 


Shallow. 


450 


NATURE OF THE SEA- 
BorrTom. 


Coral reefs, 


ceoeee 


steeee 


ecseee 


seeeee 


(2) 


7) 
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@) 


@) 


(4) 


() 


(6) 


@) 


(8) 


(°) 


a) 


@)) 
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GEOGRAPHICAL AREAS. Ea ese 
sg | 3 = | 8 ; A ii caaleeae 
3 3 a S é ° is} aa £6 
2/2/2\é6|e?|3| = |ae|2s| 8 
2|/3/°2|¢|$2)8 | 4 |8s|28| 8 
a|2a|3|2|8¢! 2 | 4 |3e| #8] 28 
8 5 | 3 3 4 2 8 = 3a Ba 
424i n a Ra oa ° 3 44 

= 

15 Ul Sam (uroog Han, | Aa) NAS ATeoe | ara) Coy |) aN 
ae ail ere +]/L 
a less a5 iN) 1G 

seat |bssss: lines + L 
Ao HH Bae) [ES || oc hime il peecretin | eae (fae! Pai Piessea Vie 
aol lHopo alec + S| Le, 

. soa |) >" | Wacol bos Ly. is 

4 Sea vies =f | ule | feces 
sory hes + | a ace) | boas 

ween We ve It ate 1 al lids 9 (acs 
t= |itoceil || rows! |) ceesty [Lime C 


Borrom 
TEMPERATURE: 
FAHRENHEIT. 


SyNONYMA AND REMARKS. 


= Asterias milleporella, Lamarck ; Linckia mille- 
porella, Miiller and Troschel; Scytaster mille- 
porellus, Michelin ; Linckia (Scytaster) mille- 
porella, von Martens, Incl.: Scytaster pis- 
torius, Miiller and Troschel ; Linckia pistoria, 
von Martens. 


ter milleporellus ( pars), Miiller and Troschel ; 
Linckia milleporella (pars), von Martens ; 


( 
} = Seytaster monilis, Valenciennes, M.S. ; Scytas- 
Scytaster crucellatis, Grube (MLS. *). 


= Asterias arenata, Lamarck. 


= Ophidiaster (Hacelia) attenuatus, Gray, ‘ Incl, 
Asterias coriacea, Grube. 


= Asterias bicolor, Lamarck. 


cA a hE || I | | ees ee ee ee el 


782 THE VOYAGE OF H.M.S. CHALLENGER, 


RANGE IN 
NATURE OF THE SEA- 
36 D : 
LOCALITIES. paste Borrom, 
CRYPTOZONIA. 
LINCKUDE. 
Linck. 
Ophidiaster, Agassiz. 
O. chinensis, Perrier . : - | Canton (China), sam g gilUae pW) Besse @) 
O. cribrarius, Liitken . - | Tonga Islands ; Samoa. es) | (Bey @) 


*O. cylindricus (Lamarck), Miiller \ Mauritius ; Moluccas, Fiji Is- \ Shallow: Coral reefs, 


and Troschel. _ . 5 lands, @ 
O. duncani, de Loriol 5 - | Mauritius, ae devises (4) 
O. floride, Perrier . . «| Strait of Florida. 20 seeeee 2 sae ley 
Migupou (fide Gray), Philip- 
. pine Islands (Brit. Mus.) ; 
O. fuscus (Gray), Perrier N.W. Australia (fide Stu- rer meee | a ie) em aes, (6) 
der). : 
O. germani, Perrier . 5 - | New Caledonia. coo ff a0 (7) 
O. gracilis (Gray), Perrier . - | W. coast of Columbia. Oc TT | KI eae aR (3) 
O. granifer, Liitken , 3 - | Tonga Islands, Sco PHO . (9) 
O. guildingii, Gray. 5 - | St. Thomas (Antilles), > ote _ aeees A (19) 
*0, helicostichus, Sladen , - | Torres Strait, 6 Coral mud. qa) 
O. hemprichii, Miiller and Troschel | Red Sea. _ sete A Pele Go Pcectce (12) 
O. lessone, Gasco . - | Capri ; Mediterranean, C2 alo sees (18) 
= { Mediterranean ; Azores; Can- | ; 
“0. ophidianus (Lamarck), Agassiz ary Islands; Cape Verde | > 5-450 Volcanic mud. (14) 
{ Islands. j 
O. perrieri, de Loriol . - | Mauritius] aesy | Al oe P DRiasets (15) 
O. purpureus, Perrier é ; Mauritius ; ‘Seychelles, es fal el dhestere . (16) 
O. pusillus, Miill d Flores ; Amboina; Philippine | | eG || Sma ee 
P : ser Troschel { Islands; New Caledonia. | f Eee ey TCO ae 
O. pustulatus (von ate Amboina; Flores ; Mauritius | wg 18) 
Perrier . : . 5 (fide Studer), on: Se ( 
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BATHYMETRICAL 
GEOGRAPHICAL AREAS. ZONES. 
eee ala eeieen| a0 |) allmcallegts 
q|a 2 | 3 © a g 8 a3 es Borrom 
aes ON (Onalieest [bs 2 |¢3/ 88] 8 | Temperature: SYNONYMA AND REMARKS. 
4 =| ° a }28.| A |oa] 38] .& | FAqRENHEIT. 
aia | sigelia | 2 |so|eelgs 
| eee) Sone | ee) Be | ee ee 
i=] 
aa ia aie eee ee 
16 OS LE | Vien We Wien | Vale lava ies C. A. 
Q)| -. + é ee er het 
@)eeee : Bl co + Ac nondeo 
=Asterias cylindrica (pars), Lamarck ; Dacty- 
z + i L losaster cylindricus, Gray ; Linckia cylindrica, 
@) o “2 2 see von Martens. Incl.: Ophidiaster asperulus, 
Liitken, 
(©)! G05, |)aG6! ee code | faa oe ese |) | 6 ew Gecmeessses 
(45 ||) cool! cao. 4)) saan liecda a sesh etl) 001) Ok ae cereeseie 
(6) Stas [reset tact s| tres oath meet ees =Tamaria fusca, Gray. 
a 
((G\iteco al |-oeon eae + /L 2 aes ence 
®|lese oat le rteeal ines lle = Dactylosaster gracilis, Gray. 
(| .. oi mt) alee ||lsesew Ibesee aneece 
Incl.: Scytaster Miilleriit, Duchassaing (fide 
Go) “% L ve Perrier) ; Ophidiaster flaccidus, Liitken. 
(CN | ae + L : se sesean 
(2) an 15) econ |" vee ' 7 enouae 
a3) + |] .. é L ue oc0 ocodtc 
= Asterias ophidiana, Lamarck. Incl.: Ophidi- 
as) + 5 lens eA Ghd | ee. sae aster aurantius, Gray ; (?) Ophidiaster cana- 
riensis, Greefi ; Asterias levigata, Drouet. 
(5)| .. +. . L Ae: | teeeee 
(16)} ... + oats = Asterias cylindrica (pars), Lamarck. 
az} .. ay lprests + + |L ae OCOCO- 
(is) of af L pad = Linckia pustulata, von Martens. 
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RANGE IN 
NATURE OF THE SEA- 
b D 9 
os ee BoTTom 
CRYPTOZONIA. 
LINCKIIDA, 
Lincrun 2. 
Ophidiaster, Agassiz. 
O. robillardi, de Loriol . - | Mauritius. aot ihe Duianesreriase i ay} 
*0O, tuberifer, Sladen . 5 - | Torres Strait. 8 Coral mud. (2) 
Pharia, Gray. 
On oa Margarita Bay ; CapeSt. Lucas; | | 
P. pyramidata, Gray . < { Na reacts of Golambin ; se Senses (3) 
Leiaster, Peters. 
L. coriaceus, Peters . Cc . | Querimba Island; Mauritius, peat ato |e ames (4) 
L. glaber, Peters c ‘ . | Querimba Island. eatery \| Ried ee Re kesaca (5) 
L. leachii (Gray), sp.. : - | Mauritius. | Goo tA) cee) coon ©) 
*L. spectosus, von Martens . . | Off Flores ; Fiji Islands, aise Me Vlhiks (udes, Rosetas (0) 
L. teres, Verrill, sp. . 3 . | La Paz (California). ceck aoe Ellery Mee desc <5 (8) 
Linckia, Nardo. 
Feet F Cape Verde Islands; Sad i 
L. bouvieri, Perrier . . | ThemeeER ols! TOs, Sil so 8 eeees (9) 
L. columbix, Gray, ‘ . | W. coast of: Columbia. Seay aes lise) (ill Mh fehoess 0) 
L. ehrenbergii (Mii - : 
pi cine Geas ate \ Red Sea ; Mozambique. Sc so @1) 
L. erythrxa, Gray - . é - | Red Sea. eee 5000 . |@2) 
L. franciscus, Nardo . P é q 2 4 (13) 


¥ eee ee Cape Verde Islands; Ber- ) 
L. quildingti, Gray . muda; Antilles; Abrolhos | ... | ones (14) 
reefs ; Vera Cruz; Bahia. f 


L. intermedia, Gray . ° 6 “eH 4 ' oy 
2 
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GEOGRAPHICAL AREAS. ze . eee 
SE Weer eb aiieemelieanl gh le at leeealeie 
3 = 8 3 a@| 3 P= a a3 €3 Borros 
Sales SH Ocal is = | 3) 63 | &3 | Teweeratvne: SYNONYMA AND REMARKS. 
=| eat 2 Ba pete jie [ees ees easy 7% | FAHRENHEIT, 
s|2/8|4/82/ 3 | 3 |3e| 38/38 
Se aoe ail als | alee |e 
PAM t || Rel | des % $ Ss|<4 
I. TE TEE | LV) Vs Hi Vie | Vite Gh. Cc, A 
(2)| + at we 8 ge 0 a eee 
ib = Ophidiaster (Pharia) pyramidatus, Gray. 
@) ste see Incl.: Ophidiaster porostssimus, Liitken, 
A] cee | eee | | cee | cee 1 Ih opp 4h 6 see =Ophidiaster Leachiti (pars), Perrier. 
(\| <0" || seb |) Se L a NO hale tee Ae 
(G)} wee | eee | + L . = Ophidiaster Leachii, Gray, 
(@)|aocr || 680. ||) canal | sooo PREEEIE I eee tal ye eon Md gee eet | tae Sy, 
CBizecs: || eee A]! fece |) eee | wee | L tee =Lepidaster teres, Verrill. 
(6))|, GOAN Reser (ecesca Gees, | etceaci Resse lee seen lee El ee Wiha oY eee 
X10) |ceon tease + L ae 
aid) “coo"|) Goo a|| ae |W eon | scot) sonelfacco |h Ll Wisag al oe tee = Ophidiaster Ehrenbergii, Miiller and Troschel. 
r€2) | Meco oases Werin feccomy | cooces| Mipnen cree vil UR edb eat wo = Linckia (Acalia) erythreea, Gray, 
(OE) deo: {lado |) doo Il asa l|) nes | God all) con IG es lk oss alcle evened 
Incl. : Ophidiaster-ornithopus, Miiller and Tros- 
qa4)} + ap Al cace ||: pond]! cooe|) cont)! Goon | Lb ieoad, less sete chel; Scytaster stella, Duchassaing ; Linckia 
ornithopus, Verrill. 
(15)} 06 500, '[S06c3|| sco |) ode ||-e5c | Pea | aa ieeeet| ace 560 =Linekia (Acalia) intermedia, Gray. 


(ZOOL, CHALL, EXP.—PART LI.—1888. ) 


LOCALITIES. 


CRYPTOZONIA. 
LINCKUD. 
LIncKUN. 


Linckia, Nardo. 
L. marmorata (Michelin), von 


Martens : . . 
L. megaloplax, Bell , . 


tens . 


*Z. miliaris ee von _ 


L. multifora eet) vu 
Martens : 


L. nodosa, Perrier’-- , ° { 
L. pacifiea, Gray, : 


*L, pacifica, var. oe sale 
and Troschel) — 


L. pulchella, Gray, . 


a 
| 


P. unifascialis, var. ee \ 


L. rosenbergi, von Martens 
Phataria, Gray. 


P. unifascialis, Gray . 


(Gray), Verrill =. f | 


Mauritius ; Prince of Wales 
Channel; Port Molle; Fitz- 
roy Island (fide Bell), 


Port Curtis ; Fitzroy Island ; 
Albany Isld. ; Port Denison. 


Red Sea : Mozambique ; Mau- 
ritius ; Zanzibar; Ceylon; 
Madras; Andaman Islands ; 
Flores ; Timor; Celebes; 
Batjan; Philippine Islands: 
N. Australia ; Claremont 
Isld.; New Caledonia ; Caro- 
line, Fiji, and Samoa Islds, 


Red Sea ; Mozambique ; Mau- 
ritius ; : Ceylon ; Larentuka ; 
Celebes'; Amboina ; New 
Caledonia ; Fiji, Samoa, and 
Sandwich Islands. 


Tortugas ; Arafura Sea; Tor- 
res Strait (fide Bell). 


Mauritius ; Nicobar Islands ; 
Andaman Islands; Samoa 
Islands ; Tahiti, 


Mauritius ; Madagascar; Isle 
of Bourbon ; Christmas Is- 
land ; New Caledonia ; Fiji 
and Tonga Islands ; Califor- 
nia (%). 


Amboina, 


Margarita Bay; Cape St. 
Lucas ; Acapulco ; Pearl Is- 
lands ; Panama ; W. coast of 
Columbia ; Zorritos (Peru) ; 
Timor ( ‘fide von Martens). 


From California to Peru. 


I 


THE VOYAGE OF H.M.S..CHALLENGER. 


RANGE IN 
DEPTH : 
FaTHOMs. 


Shallow. 


Shallow. 


NATURE OF THE SEA- 
Borrom. 


Coral reefs. 


Coral reefs. 


Rocks. 


(3) 


@) 


©) 


(6) 


@ 


(8) 


(9) 


(10) 
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SYNONYMA AND REMARKS. 


= Ophidiaster marmorata, Michelin, 


aster miliaris, Miller and Troschel. Incl. : 
Asterias levigata (pars), Linné; Linckia typus, 
Nardo; Ophidiaster levigata, Miiller and 
Troschel ; Linckia Brownii, Gray ;; Linckia 
crassa, Gray ; Ophidiaster clathrata, Grube ; 


= Pentadactylosaster miliaris, Linck ; Ophidi- 


=Asterias -multifora, Lamarck ; Ophidiaster 
multiforis, Miller and Troschel; Linckia 
multiforis, von Martens. Inel.: Linckia 
typus, Gray ; Linckia Leachit, Gray. 


eeeere 


= Asterias levigata (pars), Lamarck. 


=Linckia pacifica (pars), Gray; Ophidiaster 
diplax, Miller and Troschel ; Linckia diplax, 
Perrier. °Incl.: Linckia nicobarica, Liitken ; 
(2) Ophidiaster irregularis, Perrier. 


=Linckia (Acalia) pulchella, Gray. 


aeeeee 


=Linckia (Phataria) unifaseialis, Gray ; Ophi- 
diaster (Linckia) vunifascialis, Liitken ; 
Linckia unifascialis, Verrill. Incl.: Ophi- 
diaster suturalis, Miller and Troschel; Linckia 


= Linckia (Phataria) bifascialis, Gray ; Linckia 
unifascialis, var. bifascialis, Verrill ; Linckia 


BATHYMETRICAL 
GEOGRAPHICAL AREAS. oNne 
z A : ; a 
I a] all. @ |< a! 2/38 
S12) 2/2) .818|8).8/38|38|_ Borrou 
a Ss 8 O|}es| s 3 ‘aa ES] he TEMPERATURE: 
= =| aq |}e2) & ion So. | Se |_-4 | FAHRENHEIT. 
= 8] 3 | a3] a | a | $7 ]50/3e 
a|/a2a/]8] 2/82] €/ 3 |Se] es] es 
SPS | ae se et [ez || oo pee Oe 
To | ts | PURE. STV | Ver | Vae | VLE a) Ole Ae 
Q)| +. geo coo ||! ae + |.L de 
(2) + | L 
@) + +) +74 ]L 
Linckia levigata, Liitken, 
“EN cog ||" coe {Il ae sf || eet tase [fea 
(\) Gi soo [ces + L 
(6)| ees ap | ce + 
“@p\| ton6 + | vee q + 
(8) one L 
(9)] «+e ° + 
ali)!’ Gao || soar a || ae |) au, 
suturalis, von Martens. 
@)) as el ee || a 


unifascialis (pars), Perrier. 
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LOCALITIES. 


CRYPTOZONIA. 
LINCKIUDA. 
LInckn. 


Nardoa, Gray, emend. 


NV, xgyptiaca, Gray, sp. | 
f 
\ 


NV. galathex, Liitken, sp. 


NV. gomophia, Perrier, sp. . 


_ NV. novx-caledonix, Perrier, sp. | 
NV, obtusa, Perrier, sp. ° 


NV. pauciforis, von Martens, sp. { 


NV. semiregularis, Miiller and \ 
Troschel, sp. s 0 . J 


NV. semiregularis, var. japonica, 
von Martens . : . 


NV. semiseriata, von Martens, sp. 


*N. tuberculata, Gray . be % 


NY, variolata (Linck), Gray 1 


Narcissia, Gray. 


*N. canariensis, d’Orbigny, sp. { 


*N. trigonaria, Sladen 


Red Sea.; Mauritius; Bour- 
bon‘; (?) Nicobar Islands 
(fide Liitken); Samoa and 
Fiji Islds, ; Sandwich Islds. 


Nicobar Islands ; Togean Is- 
land. 


New Caledonia. 

New Caledonia; Port Essing- 
ton (fide Déderlein) ; Cey- 
lon; Andaman Islands. 

Philippine Islands. 


Adenare Island, near Flores ; 
Bird Island(N.E. Australia). 


Java. 


Yokohama (Japan). 


S. China. 


Philippine Islands. 


Red Sea ; Mauritius ; Mozam- 
bique ; Rodriguez ; Ceylon; 
Australia. 


Canary Islands; Cape Verde 
Islands. 


. | Off Bahia (Brazil). 


——_— 


—— 


THE VOYAGE OF H.M.S. CHALLENGER. 


RANGE IN 
DEPTH : 
FATHOMS. 


40 


10 


NATURE OF THE SEA- 
Bottom. 


eeeeee 


teeeee 


(2) 


(cap) 


(13) 
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GEOGRAPHICAL AREAS. 


South Atlantic, 
Indian Ocean, 
Eastern 
Archipelago, 
North Pacific, 
South Pacific. 


L onl 
< Southern Ocean. 


x 
et 
a 
4 
< 


Borrom 
TEMPERATURE: SYNONYMA AND REMARKS. 


FAHRENHEIT. 


3g 
g 
4 
a 
5 
4 
Ts 

Q) 

@) 

(3) 

(4)| «.. 

() 

() 

) 

(8)| « 

@) 

(10)} ... 

anh | eee 

a2) + 


(13) 


BATHYMETRICAL 
ZONES. 

: wo na 

a B og 

g ae 28 
me) | od 
sa ay Bais 
ae o.8 i) 
Soon sth || re 
2 |e) es 
AS| bs | 25 

T10Od/28 

[—) ae 44 
L. Cc. A. 
1G; eee 

L és 
1G; ee one 
1B; 
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L 
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Toe) sas 
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=Gomophia sxgyptiaca, Gray; Linckia wgyp- 
tiaca, von Martens. Incl.: Seytaster zodia- 
calis, Miiller and Troschel ; Oreaster Desjar- 
dinsit, Michelin; Scytaster Desjardinsii, 
Liitken, 


=Seytaster galathex, Liitken. 


=Seytaster gomophia, Perrier. 
eee =Scytaster Nove-Caledoni#, Perrier. 


=Scytaster obtusus, Perrier. 


oes =Linckia pauciforis, von Martens. 
=Scytaster semiregularis, Miiller and Troschel, 


=Linckia semiregularis, var. japonica, von 
Martens. 


als = Linckia semiseriata, von Martens. 


° 


= Ophidiaster tuberculatus, Miiller and Troschel; 
Scytaster tuberculatus, Liitken ; Linckia tuber- 
culata, von Martens. 


= Pentadactylosaster variolatus, Linck ; Asterias 
variolata, Retzius ; Linckia variolosa, Nardo ; 
Scytaster variolatus, Miiller and Troschel ; 
Linckia variolata, von Martens. Incl.: Nar- 
doa Agassizti, Gray. 


§ = Asterias canariensis, d’Orbigny. Incl.: Nar- 
cissia Tenerifiv, Gray ; Scytaster canariensis, 
Dujardin and Hupé. 


° 
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CRYPTOZONIA. 
LINCKIUDA. 


Subfamily Mrrropirina, Sladen. 


Metrodira, Gray, 


MM. subtilis, Liitken, sp. 


*M. subulata, Gray . . 1 


Family ZoroasTerip#, Sladen. 


Zoroaster, Wyville Thomson. 


Z. ackleyt, Perrier , 


Z. diomedex, Verrill . 


*Z. fulgens, Wyville Thomson 


Z, longicauda, Perrier 


Z. sigsbeet, Perrier , 


*Z. tenuis, Sladen, 


Cnemidaster, Sladen, 


*C, wyvillit, Sladen, 


Pholidaster, Sladen, ' 
*P. distinctus, Sladen . 


*P. squamatus, Sladen 


THE VOYAGE OF H.M.S, CHALLENGER. 


LOCALITIES. 


China Sea. . 


Torres Strait ; Migupou (fide 
Gray); N.E. Australia ; 
George Sound, New Zealand. 


Montserrat ; Santa Cruz. 


E. coast of North America. 


Faerde Channel; E. coast of 
North America; coast of 
Morocco and the Sahara; 
off Pernambuco. 


Azores; Senegal; coast of the 
Sahara. 


St. Kitts; 28°42’ N.,88°40’W. 


N. coast of New Guinea. 


Arafura Sea. 


Banda Sea. 
Off the Philippine Islands. 


RANGE IN a 
Ree NATUHE Ge es SEA 
FATHOMS. , 

8 Coral mud. 


Coarse sand and 


120-248 { Beskenaneile 


38-1555 Globigerina ooze. 


500-1350 | Blue mud; red mud. 


\ 1637-2326 me 


208-321 Fine sand. 
1070 Blue mud. 


800 Green mud. 
140 Blue mud. 
100 Green mud. 


ue 


(4) 


(6) 


(9) 
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BATHYMETRICAL 
GEOGRAPHICAL AREAS. ZONES. 
Si cule eee bene’ |Prelbalpsia 
pete sta aI 9) ote i i = LB Borrom 
3 & 8 fo) aS a 2 | $43) 28] he | TEMreratvre: 
Se = ales) & | & | Se] Se | 4 | FAHRENHEIT. 
a2|a|2|4|83| 2/4 /3s)s3/ #8 
=. S rd we} f] #& 5 |HS| 85] 25 
Se) Bolte eed | Ss let oa ae 
A 2 n o Tey || ea 4 
Ts Nis P00 AG | A% Ih ee TG. Cc, A. 
@) | L subtilis, Perrier. 
©) + + | L me 
@) L 5 
(4) L bee 
(5) 38°:0-45°: 
(6) 
a) ase 
(8) pas +]. . 86°4 
(Q) + 39°'D 
(10) + L aaa 
qa) + L edie 


SYNONYMA AND REMARKS. 


=Scytaster subtilis, Liitken ; Fromia (Metrodira) 


ytaster subulatus, Miiller and Troschel ; Fromia 
(Metrodira) subulata, Perrier. 


792 THE VOYAGE OF H.M.S. CHALLENGER. 


RANGE IN 
E OF THE SEA- 
LocaLitiEs, DEPTH : NARURE enn 
FATHOMS. * 


CRYPTOZONIA. 
Family S7icHASTERID», Perrier. 


Stichaster, Miiller and Troschel. 


Greenland ; northern coasts of 
3-192 | Rocks and Hard ground |) 


*§. albulus (Stimpson), Verrill | America; Iceland; Spitz- 


bergen. 
S. arcticus, Danielssen and Koren | Off the Lofoten Islands, “06 Backs @) 
X'S. aurantiacus (Meyen), Verrill . | Peru; Chili. Shallow. Rocks, @) 
S. australis (Verrill), Perrier. | Auckland (New Zealand). 000 eeseve @ 
*8. felipes, Sladen. : . | Off the Cape of Good Hope. 150 Green sand. @) 
S. nutrix, Studer. ; . | Island of South Georgia. goa) Ih ae8i605 (6) 
*S. polygrammus, Sladen. . | W. coast of South America, 245 Blue mud. (7) 
*8. polyplaz, Miiller and Tros- || S, and S.E. Australia 3 Tas- \ 38-40 Sand landechelle (8) 
chel, sp. 5 : A J mania, : 
S. roseus (O. F, Miiller), Sars. | Coasts of Britain and N: orway. 2-50 Sandy clay. (9) 
S, talismani, Perrier. . .| Canary Islands; Azores, 517-782 siteee (10) 
Neomorphaster, Sladen, 
*N. eustichus, Sladen . 7 . | Off the Azores, 900-1000 |. Pteropod ooze. (1) 
Tarsaster, Sladen, 
72 fh stotchodes, Sladen , A . | N. of Admiralty Island. 150 Coral mud. (12) 


| Family SOLASTERID®, Perrier, * 
Subfamily Sonastrrina, Sladen, 


Crossaster, Miiller and Troschel. 


. Z Between . Norway, Spitzber- 
C. affinis, Brandt,"sp. : | gen, and Greenland ; (2) 70-634 { he ee (13) 
Bering Strait. : 


REPORT ON THE ASTEROIDEA. 


BATHYMETRICAL 
GEOGRAPHICAL AREAS, ZONES. 
Sales fenlg | Beal ee ae 
gigas 8 §|s|s|_.8 é3 e3 Borrom 
tect S 2 ° Es S a |'es a3 §& | TEMPERATURE : SYNONYMA AND REMARKS, 
4142/0] 48/88|/4] 4 | 83) 88 | 26 | rannevumr, 
ion eal q 3 | 2s] 2 | a | 85) se|¢8e 
ey ese | ess ee is eee | ee | eine) || Sah ens 
So Sal sel Seiinst |e lee | at oe ag 
n J % <4 
I, ETS) | LEE Lys Vv. | VI. | VIL| L C. A 
= Asteracanthion roseus (pars), Miiller and 
Troschel ; Asteracanthion albulus, Stimpson ; 
5 Asterias: albula, Stimpson ; Stephanasterias 
Q) + 16 | <6 35° albula, Verrill.. Incl.: Asteracanthion pro- 
blema, Steenstrup; Stichaster albulus, var. 
nitida, Verrill. 
Q@) + q the Pree 
=Asterias aurantiaca, Meyen; Asteracanthion 
3 He T, aurantiacus, Miller and Troschel. Incl.: 
Tea) Ne ee! |e as Stichaster striatus, Miller and Troschel ; 
Tonia atlantica, Gray. 
(4 « é ar Tisi|| ers ove =Celasterias australis, Verrill. 
(5)| + see C 47°-0 ; Neaies 
seen -E) |). nal teres Eile Boe || oe In ee uecenre 
(7)| e+e i + C AGs:ON @|\hm pla eet cones ; 
@| ao. | se. F ot es hay le es ve = Asteracanthion polyplax, Miller and Troschel ; 
Asterias polyplax, Perrier. 
=Asterias rosea, O. F. Miiller; Linkia rosea, 
Q)| + . o Tee Thompson ; Cribella rosea, Forbes ; Astera- 
canthion roseus (pars), Miiller and Troschel. 
(0)) + de A so SA TE cnacn 
39°-4— | 
1) + |. Go |) aos | bos ev ave a ee tense 
Se { 40°-0 | : 
(12)| ... + 1L sea sees 
on 47°, =Asterias afinis,. Brandt ; Solaster afiinis, 
@3)) + Srl“ eee, || ees 4 L C A | 29°-6-41°-1 Danielssen and Koren, ‘ : 
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794 THE VOYAGE OF H.M.S. CHALLENGER. 
RANGE IN 
LOCALITIES. DertH : 
FaTHoms. 
CRYPTOZONIA. 
SOLASTERID. 
SoLaSTERINZ. 
Crossaster, Miiller and Troschel. 
(2) C. alboverrucosus, Brandt, sp. | Bering Strait. 
C. neptuni, Bell ~~ . 9 Ecuador, 
The whole northern area of 
the Atlantic extending to 
Discovery Bay ; Assistance 
Bay; Newfoundland; Grand 
*(. papposus (Linck), Miiller and Manan +- Massachusetts ; Shallow 
Troschel . 5 ° Spitzbergen ; Barents’ Sea ; to 640 
cesses Iceland; Nova Zembla ; 
Murman coast; Scandina- 
vian, British, and French 
coasts. 
¢. F iied Bee ee sie te In the Faerde Channel. 53-640 
me Between Nightingale Island ~" 
* 4 ; rr) 
C. penicillatus, Sladen : { peal Miacion ital: } 140 
Solaster, Forbes. 
E. coast of North America. 843-1537 


S. abyssicola, Verrill . : 
S. earllii, Verrill 5 5 


*S. endeca (Retzius), Forbes 


S. endeca, var. decemradiata, 
Brandt . : 


S. glacialis, Danielssen and 
Koren . ° e ° . 


*S. pawillatus, Sladen. : 


*8. regularis, Sladen . P 


E. coast of North America, 

Coasts of Greenland, North 
America, Norway, Britain, 
the Faerde Islands, Iceland, 


Spitzbergen, and Murman 
coasts, 


Sitcha. 


Between Norway and Buren 
Island. 


S. of Yeddo (Japan). 


W. coast of Patagonia. 


So 


Shallow to 
150. 


NATURE OF THE SEA- 
Borrom. 


\ Hard ground ; Clay. 


Volcanic mud. 


Clay, 


stones, and 
sand, 


Sandy clay, 


Green mud, 


Blue mud, 


@) 
) 


@) 


@) 


@) 


(6) 
(@) 


(8) 


(°) 


00) 


a) 
a2) 
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SYNONYMA AND REMARKS. 


= Asterias alboverrucosa, Brandt, 


eerece 


=Triskaidecactis papposus, Linck ; Asterias pap- 
posa, Fabricius; Asterias (‘‘Solastéries”) pap- 
posus, de Blainville ; Stellonia papposa, Agas- 
siz; Solaster papposa, Forbes ; Solaster (Poly- 
aster) papposa, Gray. Incl: Asterias helian- 


eeeeee 


oveeee 


=Solaster Earllit (pars), Verrill (olim). 


= Asterias endeca, Retzius; Asterias (“Solas- 
téries’’) endeca, de Blainyille ; Stellonia endeca, 
Agassiz ; Solaster(Endeca) endeca,Gray, Incl.: 
Asterias aspera, O, F. Miiller, 


= Asterias endeca, var. decemradiata, Brandt, 


serene 


BATHYMETRICAL 
GEOGRAPHICAL AREAS, ZONES. 
c = a] 8 
Me seoml delete |g | ie | elise 
s/2} 218] .8) 8] 2] _3/ 28] 32] porrom 
s 3 2 O }; eS] 3 3 | €4] 23 | te | TEMPERATURE: 
a Se al22|a|] & | S88] 2a | Vs) Raurennerr 
SSR ONE RG Re eed 25/20 |de 
a |/ai! 8 | 2 ies] & | 8 |So| asl] es 
Baleeva let aie | 8 | a |Oodl ma 
aZ|n i n 22 ° 6\/44 
16 Ene LV. || Vi Vio VEE) Se. Cc. A 
ase + q ¥e 
sete : + | 2 : 
+ : - ee : LOR aN 30°:0 
themoides, Pennant. 

ta eeronel Merci reset |(eeest | ecotiiiece tala |) (© 1) AP 3020-3035 
Er hee A 
oT se se 
+ Be L 
AGG + q - 
=I ||(ose i ileesonlline 38°°3 
56 66.||'060 ee aleecee ac. A 41°-1 

cee eee ° ar . 
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THE VOYAGE OF H.M.S. CHALLENGER. 


CRYPTOZONIA. 
SOLASTERIDE. 
SOLASTERINA, 


Solaster, Forbes. 
Ss subarcuatus, Sladen . { 


*S§. torulatus, Sladen . : 
Lophaster, Verrill. 


L, furcifer.(Diiben and Koren), 
Verrill . : 4 “ 


*Z. stellans, Sladen . : 


*R. vannipes, Sladen . ° 


Subfamily Korerprasterins, Sladen. 
Korethraster, Wyville’-Thomson. 


K. hispidus, Wyville Thomson 


K. (!) palmatus, Perrier. 


K. (% radians, Perrier, 


KX. (2) setosus, Perrier ° 


Peribolaster, Sladen. 


*P, folliculatus, Sladen 


RANGE IN 
LOcALITIES. Depru : 
FATHOMS. 
Between Kerguelen and Heard 
8 150 
Islands. 
N. of the Kermadec Islands. 520 
Off the coasts of Greenland 
and North America ; in the 
Gulf of Maine and off Nova 30-743 
Scotia; off the coasts of oat 
Norway, Spitzbergen, and 
Nova Zembla. 
W. coast of South America. 40-1325 
Arafura Sea. 28 
In the Faerde Channel; off | 
coast of Norway and South 101-632 { 
of Franz-Josef Land. i : 
Barbados. 76-200 
Off Barbados and Havana. 56-80 { 
“ Travailleur” dredgings. 213-670 
W. coast of Patagonia. 45 


NATURE OF THE SEA- 
Borrom. 


Coarse gravel. 


Volcanic mud. 


Clay and stones. 


Blue mud. 


Green mud. 


Mud; Clay (coarse 
and sandy). 


Coarse sand and shells. 


Coral and broken \ 
shells. i 


Green sand. 


@) 


(2) 


(3) 


@ 


@) 


0) 


GEOGRAPHIOAL AREAS. Bare Mereeay 
1S 3 = F A 3 3 a a1 3 a 
|g d||is/4|4]2/g2/2é 
é é 2 O}ES!] 8 3 |/eS) 83] &8 
4 | 4 2/88) 4% |) | 38) sa] 6 
my 2 | S|} aq) 4 | a |SH|/8o] de 
5 oe) 4g a |mheo] $ /3e/ 88| #8 
3 B a 3 a zs te 31d a Ba 
Fie | on tn) Ye 4/ S/43 
nr SB 
Z, LES) LEE | EV. || Vex || VL, | Via L. C. A. 
@) L 
(2)| - A 
@) + Bp A) MOP ies 
(4) Te Ca eat 
(5) L oo 
(6) ie At 
@ 1b) (8; 5 
(8) L 
(9) C;A 
L 


(0) 


TEMPERATURE: 


REPORT ON THE ASTEROIDEA. 


SYNONYMA AND REMARKS. 


=Solaster furcifer, Diiben and Koren, 


Chetaster borealis, Diiben (olim). ; 


OS Korethraster hispid us, Perrier (non Wyville 
Thomson) ; (?) Lophaster radians, Perrier. 


weeeee 
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RANGE IN 
: N. SEa- 
ae cia yp emo et 
CRYPTOZONIA. 
SOLASTERIDA. 
SOLASTERIDE incertzx sedis : 
Ctenaster, Perrier. 
C. spectabilis, Perrier : - | N. W. of Havana. 19207 3 ieee tence qa) 
Radiaster, Perrier. 
R. elegans, Perrier ; . | Off Dominica. 982 Fine brown mud. (2) 
Family PrerAsTERID»#, Perrier. 
Subfamily Prrrasrerin#, Sladen. 
Piteraster, Miiller and Troschel. 
*P. afinis, Smith : . . | Off Kerguelen Island. 28 Volcanic mud. (3) 
P. aporus, Ludwig . : . | Bering Sea. 806 sono (4) 
. F Casco Bay; Sand Key; Nevis; | | o 
P. caribbzxus, Perrier 5 { Frederikstadt; St, Lucia | f 151-451 Soft grey mud. (5) 
P. danex, Verrill : . . | E. coast of South America. 30 (2) eoaies (6) 
Off the Norwegian, British, F 
x 1 baer Pe and North American coasts; Gravel, stones, sandy 
P. ees peuee Miller), off Spitzbergen and N: ova 10-530 clay, or shelly ?(\7) 
5 Zembla ; and in the Kara ground, 
Sea, 
P, militaris, var. prolata, Sladen | In the Faerie Channel. 608 seeess (8) 
: Off the Norwegian and North 
P. pulvillus, Sars A American coasts; Nova 50-2021 o () 
Zembla ; Murman coast. 
*P, rugatus, Sladen. , Between Kerguelen and Heard 150 Coarse gravel. (a0) 
Islands,--- 
*P. semireticulatus, Sladen . . | Off Marion Island. 50 esses (1) 
P. sordidus, Perrier . 5 - | “Talisman” dredgings. CRE S50 905 (a2) 


*P, stellifer, Sladen . é . | W. coast of South America. 245 Blue mud, (13) 
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GEOGRAPHICAL AREAS. HATE GAL 
s|¢ a | al : : al | ES 
3 = : wi i-8|/2a8 
Blea eas .&| 4/8 |.2/ 28] 38 Borrom 
3) 4 81°C ]8s| 3 = | $3] 88) & | Temeeratore: SYNONYMA AND REMARES. 
a|a4 5 g@[ee) |) 4 | 8) ge | _-o | FARRENHEIT. 
alelg]2lae\¢| 4 |S¢leslgs 
£ a J S ta Fs 5 =] Hs |] 55] 25 
Sisias|si al2)a)] tod \ fe 
elute alt oo co} 8/438 
Ve Tee LV || Vi Wile VLEs) Cc A. 
(25 SPN aooell es |) “enoril| coe I GanellPeacoul fare meen | ot 39°:5 : : ol hatgee 
(2) tea Ieee (Rerehl | Woes (Pses | try Woes Ilvasc \ieens'|e AW 39°75 ; : 
(3)| & llsconsl| tae T° Ih cates | wreck LL IO Vie, = ye UM agentes 
ieccd |(Mevon|Mecsulleeoimesse ts | eca ities, fi woa: ilkeee sess GU eins 
| +]. ote Cem eree | Reese’ Sallie! “MM GP acces 
(6) ate ser lhe L aes Poh 8) Ae eb escnsen 
3 . =Asterias militaris, O. F. Miiller; Asteriscus 
MD) Ff ocee vee fovee [ove fees five | LD | CO | Ae] 35°0-46%2 |) nitisanisy Miller and Troschel (olim).: 


St lrese alleen ttc [lose leroseh |erawen'| (cee) ||l fel As 3070) | 9h ee seee : 


(0) Mecsell Me scalinecen leva |leesa || eeellMeee (dus Il sees. 35°'2 TM sere 
(atid|| aecl cos [I Gde | Se |) oae |) Goo || doo ||) LMT Gee at lh coe ses y OUaeSe 
(G63\) 85 1h cog ll cad || doo: |\-cne idan. |epso || cope acon) || 228 Onc Not yet described. 


(3) 
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CRYPTOZONIA. 
PTERASTERIDAY 
PrERASTERINA, 


Retaster, Perrier, 


R. capensis, Gray, sp. 


R. cribrosus, von Martens, sp. { 


*R. gibber, Sladen, 


*R, insignis, Sladen . 


R. multipes, Sars, sp. 
*R. peregrinator, Sladen 
*R,. verrucosus, Sladen 


“Marsipaster, Sladen. 
M. alveolatus, Perrier 
*M. hirsutus, Sladen , 


*M. spinosissimus, Sladen 


Calyptraster, Sladen. 


*C. coa, Sladen , 


Hymenaster, Wyville Thomson. 


*H. anomalus, Sladen. 
*H. cexlatus " 


*H. carnosus, Sladen . 


*H. coccinatus, Sladen 


THE VOYAGE OF H.M.S. CHALLENGER. 


f 


i 


LOcALITIES. 


Cape of Good Hope. 


Zanzibar ; Mozambique ; Cey- 
lon ; Philippine Islands. 


W. coast of Patagonia. 

Torres Strait; Banda Sea; 
Port Molle; Port Jack- 
son (fide Bell), 


Coasts of Norway and North 
America. 


Off Kerguelen Island. 


Off Strait. of Magellan (At- 
lantic side). 


“ Talisman” dredgings. 
Off Valparaiso, 
33° 29'0" S., 133° 22’0” W. 


S.E. of Pernambuco. 


N. of Tristan da Cunha. 
S. of Australia. 
W, of South America. 


Between Marion Island and 


RANGE IN 
NATURE OF THE SEA- 
D A 
Farnosts Borrox. 
560005 Q) 
\ S00505 (2) 
245 Blue mud. (3) 
Coral d; Gre 

6-25 { een BG oa & 
i 124-640 Greenish clay, () 
127 Volcanic mud, © 
\ (5)55) Sand. (7) 
DO Z E\) Wie Messess (8) 
2160 Blue mud. () 
2335 Red clay. (10) 
350 Red mud, (11) 
1425 Pteropod ooze, (22) 
1800 Globigerina ooze. (13) 
1500 Globigerina ooze. (a4) 
\ 1375 Globigerina ooze. (15) 


the Crozet Islands. 
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GEOGRAPHICAL AREAS. pa eet pore 
Salesel aul gull esta le | alceaited 
a = WS Ne Walllcet ics HIS 8) | gee Borrom 
E EI g 3 g 3 3 BI ga = | ES TEMPERATURE: SYNONYMA AND REMARKS. 
= = 4 FI 22.) 4 A | os oe a FAHRENHEIT, 
a o sg a |S /83eo/ee 
a a cmt a ica] a eS cit} ao nod 
Salmeniese| Bohs 6 | SSS Saas 
2 
Pa | tak | tet ea a2/")] $|/ 8/4 3 
i Tey | LT y | Vi NG | NAG PMA CE) 5; Cc, A 
@ieee ft 4 Aerie aon ets = Pteraster capensis, Gray. 
Q)| «. + + q = Pteraster cribrosus, von Martens, 
YES cee || eeec 5 + CS |e 4G: Ofer ed ee 9 Ca I so crate 
(CN Goce) tc + + | L an0 cise 
=Pteraster multipes, Sars ; Diplopteraster mul- 
()) ani) ene L C A nig tipes, Verrill, ‘ ; 
(©) ieccem|leest |[ptecen |lleect- L Snoto0 
(| we | + ‘ L 47°°8 : ‘ Or aeiGoC 
QF | one | ace | A ang Not yet described, 
(|) 26 || 600 |) Goo || ee + 35°°2 B= co0c0 
(0)} ... + A 34°°8 ; sesese 
qa) + Cc ee sell Ae a eatsted 
ret] See ede A 37°-0 PN casei 
(@)}} oo6. |) oon + A 33°°5 x Souode 
G4) «.. Ta lies 35°°3 aes 
(@13\| ‘Geo. || 660 |) co |] Se vee fear) |) AS 3.6: es) | ne Ro cto 


(ZOOL, CHALL. EXP.—PART LI.—1888.) 


101 


802 


THE VOYAGE OF H.M.S. CHALLENGER. 


RANGE IN 
ocanrrrnd: eet ‘ NARU RE oF tee SEa- 
CRYPTOZONIA. 
PTERASTERIDE. 
PTERASTERINE. 
Hymenaster, Wyville Thomson. 
*H. crucifer, Sladen . A 8. of Australia. 1800 Globigerina ooze, (uy 
*H. echinulatus, Sladen, 33° 29'0" S., 133° 22’ 0” W. 2335 Red clay. (2) 
*H, formosus, Sladen . 8. of Australia. 1800 Globigerina ooze, (3) 
*H. geometricus, Sladen 33° 29'0”S., 133° 22’0" W. 2335 Red clay. (4) 
Hi, giboryt, Perrier ; “Talisman ” dredgings, PAE |) aoc | (6) 
*H. glaucus, Sladen S. of Japan. 565 Green mud. (6) 
*H. graniferus, Sladen : { Pee nen aed and \ 1375 Globigerina ooze. (2) 
*H. infernalis, Sladen. 35° 220" N., 169° 53’ 0" E, 2900 Red clay. (s) 
*H. latebrosus, Sladen : 53° 55’ 0” S., 108° 35’ 0” E. 1950 Diatom ooze. (9) 
ae membranaceus, Wyville \ Si wiof ane Fintaena: \ 1125 Blasannd: (a0) 
homson : ; 
H. modestus, Verrill . : E. coast of North America. TO98=1451 f+ ous qu) 
*F. nobilis, Wyville Thomson S. of Australia. 1800 Globigerina ooze, (12) 
In the Faer6e Channel; off 
2 eee ie a te Tienda of ewes |{ 70-1999. | Clay (vations kinds), law 
and Spitzbergen. 

*H, pergamentaceus, Sladen. . | E. of Buenos Ayres. 2650 Blue mud. (4) 
*H. porosissimus, Sladen Off Valparaiso. 1375 Globigerina ooze, (15) 
*H. prexcoquis, Sladen - f PSs COTE ae } 1375-1600 { ee anes ca \ (16) 
\ Crozet Islands. | 
*H. pullatus, Sladen . 4 N. of New Guinea. 1070 Blue mud. eo) 
H. rex, Perrier. . , “Talisman” dredgings. GOI=1093 9) | pe eeees . as) 
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GEOGRAPHICAL AREAS. 


South Atlantic. 


LJ 


Indian Ocean. 
Southern Ocean. 
Eastern 
Archipelago. 


North Pacific. 
South Pacific, 


= 
=| 
Lael 
A 
4 
4 
A 
s 


BATHYMETRICAL 
ZONES. 
6 a] uo 
el|>8| 28 
2/38 es Borrom 
@8 | 23 | G3 | Temperature: 
$2] 5h | -~& | FAHRENHEIT. 
2F | 80| ee 
AS | 8s | 25 
2 sla 
ian) S 
L Cr ie’ 


SYNONYMA AND REMARKS. 


2 
4 
= 
8 
A 
r 
Q)) « 
()lNees 
©) ce. 
(4)... 
©} + 
(6)| s+. 
(Ollise= 
(8)| soe 
@|lere 
(10)} + 
ap} + 
2) << 
(3)}_ + 
(4)... 
(15) 
(16)| ... 
(elp\| Gon 


as)} + 


p> > & > bP pb 
eo 
S 
cn 


A | 34°:2-36°°6 


meat | iseen ||) MAS 36°°4 


eeeeee 


seeeee 


34°°8 
sky Not yet described. 

38°:1 

A 36°°6 

A 35°°3 

A 32°°1 
Rho wk Bac 
see) ||| Ae 

A 33°°5 


anou||. rr Not yet described. 
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LOCALITIES. 


CRYPTOZONIA. 
PTERASTERIDA, 
PTERASTERIN A. 


Hymenaster, Wyville Thomson. 


* FT, sacculatus, Perrier C 


*H. vicarius, Sladen , 


Benthaster, Sladen. 
*B. penicillatus, Sladen 


*B. wyville-thomsont, Sladen 


Myzxaster, Perrier. 


M. sol, Perrier . 5 . 


Cryptaster, Perrier. 


C. personatus, Perrier : 


Subfamily Pyrnonasterins, Sladen. 
Pythonaster, Sladen. 


*P. murrayt, Sladen 


Family Z£cwiwasreripz, Verrill, 
emend. 
Subfamily Acanruasterina, Sladen. 


Acanthaster, Gervais, 


“A. echinites (Ellis and‘Solander), | 


neither | 


A. ellisti (Gray)? , ° 


South of Australia. 


Off Valparaiso. 


N. of New Guinea. 
35° 22’0” N., 169° 53’0” E. 


“Talisman” dredgings. - 


“Talisman” dredgings. — 


E. of Buenos Ayres. 


Red Sea; Mauritius ; Ceylon ; 
Andaman Islands ; Philip- 
pine Islands and Islands of 
the Eastern Archipelago ; 
Fiji, Samoa, and Loo Choo 
Islands. 


Galapagos Islands; coast of 


California; New Hanover; . 


New Britain (fide Studer). 


| 
| 


RANGE IN 
: NATURE OF THE SEA- 

esate Borrom. 

1800 Globigerina ooze. 

1375 Globigerina ooze. 

1070 Blue mud. 

2900 Red clay. 

q 4 

1637 t 

1900 Blue mud. 
Shallow \ Coral reefs. 
water. 


aa) 


(8) 
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GEOGRAPHICAL AREAS. BATHYMETEICAT 
ZONES. 
gi] sg d Alice une ala esta 
a |g g 3 AI soy et adle eehl let Bis 3 Borrom 
3 a 3 ro) ag 5 Es} wo} +ea]e ie} 
s|21é8 Eo| & 3 |'¢2] 88) &2 | Temrerarore: SYNONYMA AND REMARKS, 
= = a jee) & Ao | se | 2g] 4 | FAHRENHEIT. 
lee | al 3 gseleis {2 B|se|3s 
eg] 2/2] 2 (82/2) 3 aa |agi i 
x, RB a & a nm Ak g | 3 
a] 
16 Sie | LT ops EVs |e Wrenn |e Ween |) Valle Ta, Cc A. 
(ed\|) Go5||) cco: ||! cone) a pow ||. 56. || ope 30: 0e es Ly. | ll umnanencr 
(2)| oss oe > ae cdl Gop. || 28 35° emote 
(3)| ++» wailses ote ite A CL RR Se kone 
(@}| pce || G00) |Ihto06. |] feos *F. |hacs A SOMouy |i. ofr Sumice rsa 
6) i]. Bon | aoaed jroo oe eee Not yet des¢ribed.* 
(8)| + |. a he A oe Not yet described. 
Cli ees |) + cop |ceod || ws Appeal wee 
= Asterias echinites, Ellis and Solander ; Stellonia 
(8)| + + + si aft iD, a echinites, Agassiz, Incl.: ? Echinaster ellisia 
ity (2pars), Gray ; Acanthaster echinus, Gervais 5 
Echinaster solaris, Miiller and Troschel, 
(|) cae pias + 1G; Incl. : Acanthaster, solaris, Perrier. 
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CRYPTOZONIA. 
ECHINASTERIDE. 
ACANTHASTERINE. 


Acanthaster, Gervais. 


A, mauritiensis, de Loriol . 


A, solaris (Schreber), Dujardin 


and Hupé . . 
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Subfamily Miraropun#, Viguier. 


Mithrodia, Gray. 


M. bradleyt, Verrill . 


“M. clavigera (Lamarck), al 


M. victoriz, Bell ° 


Subfamily Ecumasterina, Viguier. 


Cribrella (Agassiz), Forbes. 


C. antillarvum, Perrier 
*C. compacta, Sladen . 
C. densispina, Sladen 
C. leviuscula, Stimpson 
C. minuta, Bell. . 


*C. obesa, Sladen 


° 


RANGE IN 
: g N. THE SEA- 
LOcaLitiEs. DpErE: a ESE 
Mauritius. OM CCP Wee onda qa) 
i Strait of Magellan. . coees (2) 
From California to Panama. pag \ Rocks, (3) 
Mauritius; Java; Flores; 
Moluccas; Fiji Islands; Shallow lreef 
Samoa Islands 3 Tahiti; water. \ Upral seats eo 
Sandwich Islands. 
Off E. coast of Brazil. 39 Dead coral. (5) 
Barbados; Guadeloupe; Mar- 5 
1 tinique; St. Lucia; off 127-734 | eee eno Gane a (6) 
Buenos Ayres (fide Studer). j 
Off New Zealand. 275 Globigerina ooze, (7) 
Corean Strait, 40:9 alll) fee Eons (8) 
{ Puget Sound; off coast of ‘i 
Oregon’. ey dle niet Fla attests Q) 
» | Ecuador, eee er Gamat eose (10) 


Falkland Islands; Strait of 
Magellan. 


Bond, gard; cao any 
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SyYNONYMA AND REMARKS. 


BATHYMETRICAL 
GEOGRAPHICAL AREAS. GA 

3 3 : q : ala 

om = a a - 5 5 = - og 

Fea ety! aSeyllt Si Il aes a#/s/ 8/4 g Bs Borrost 

42/8/22 |/C/8S| 8 | 8 | ¢4) 88) 25 | rewrerarcnr: 

ee S ° oo BY] Ga | oS 

eee ae Bo lee A) Se] fe | | Faupennerr, 

e/2\4/|28 |78| § |S |se] s8| a8 

B/E lal e| 412/38 || s2| Be 

ra || ee 1 ber | [ag ie 

red 

Tr JOE ROO ING |) eal ata es ia ade || eaip Cc. . 
Q) + L a |eees See 
Q) ote a8 || 1G; aoe 
(3)\eesten |mreccu |i ce zest L ee 
@lece |losed | > staf eon | ule hs Eee 
(5)| + ot sul] 25 one . 
(O)) Sal aur DC | A B60 
(7) < + (Ca ies 50°8 
(©) oe = L ace 
(9) oe os + L eae 
(0)ascilincss SPL I eese|iteoe See 
a) + |. su |) re eC | cee 46°-0 


= Acanthaster echinites, Mobius (fide de Loriol). 


= Asterias solaris, Schreber ; Echinaster solaris, 
Gray. 


eeesee 


= Asterias clavigera, Lamarck, Incl. : Mithro- 
dia spinulosa, Gray ; Ophidiaster echinulatus, 
Miiller and Troschel; Heresaster papillosus, 
Michelin; Echinaster echinulatus, von Mar- 
tens ; Mithrodia echinulata, Liitken. 


eeeene 
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CRYPTOZONTIA. 
LCHINASTERIDA. 
EcHINASTERINE. 


Cribrella (Agassiz), Forbes. 


*C. oculata (Linck), Forbes. 


C. oculata, var. abyssicola, Nor- 
man . : 5 
*C. ornata, Perrier.. . A \ 


C. pagenstecheri, Studer . 


*C. prestans, Sladen . 


i 


C. sexradiata, Perrier : 
*C. simplex, Sladen . . 


*C. simplex, var. granulosa, Sladen 


*C. suflata, Sladen 
Perknaster, Sladen. 

*P. densus, Sladen 

*P, fuscus, Sladen, : { 
Echinaster, Miiller and Troschel. 


E. brasiliensis, Miiller and Tros- l 
chel , : : 5 j 


LOCALITIES. 


RANGE IN 
DEPTH : 
FATHOMS. 


NATURE OF THE SEA- 
Bortom. 


Off Scandinavian and Pritish 
coasts ; Greenland; Labra- 
dor; coast of N. America; 
Spitzbergen ; Nova Zembla; 
in the White Sea; northern 
coast of Asia (fide Brandt). 


North Britain and Faerde 
Channel. 


Cape of Good Hope; New 
Zealand + Campbell Island. 


Island of South Georgia. 


Between Marion Island and 
Kerguelen Island. 


Barbados ; Gulf of Mexico. 

Inaccessible Island ; Nightin- 
gale Island; Marion Island; 
Prince Edward Island ; be- 
tween Marion Island and 
Kerguelen. 


Off Kerguelen Island. 
S. of Kermadec Island. 


Off Kerguelen Island. 


Off Kerguelen Island; off 
Heard Island. 


Coast of Brazil. 


Shallow 


water 


to 
1350 


\ 516-555 
f Shallow 
\.. to 20 


(2)less than 14 


101-321 
50-310 


10-50 


\ 25-75 


Clay (sandy, Blue 
and Biloculina) ; 
Hard ground; Blue [ | 
mud. 


soeees Q) 


Races ) 


Hard ground (gravel, | | 
shells). © 


Brokenshellsand corals. |(6) 


shells); Volcanic 


Hard ground (gravel, 
(7) 
sand. 


Volcanic mud. (8) 
Volcanic mud. (9) 
Volcanic mud. (10) 
Volcanic mud. (uy) 

“ook (12) 
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GEOGRAPHICAL AREAS. EERE DIOLS 
ZONES. 
3 3 : a p F a a) ad 
re oma A 3 : 3 3 28 | 
ele] 2)8le8| 2] 2/8) 28 | 83 leo 
al|aié erate |e 2 | a) 88] hs | Temperature: SYNONYMA AND REMARKS. 
Be ay = A 1 ee om Bias & Be | oe FAHRENHEIT. 
ae aales ae ls | a) ee Sees 
aq Pa 4 2 = $ ge aS = 
a A zg = 4 3 5 nS Sit Big 
Zz, DR DR a nR 34 2 S a 
a| 7s 

I. Ti SEE Ve || Wet | Va. | VES) Cc A, 


= Pentadactylosaster oculatus, Linck ; Asterias 

oculata, Pennant; Linkia oculata, Forbes 

(olim); Henricia oculata, Gray ; Echinaster 

oculatus, Miiller and Troschel. Incl.: Aste- 

rias sanguinolenta, O. F, Miller; Asterias 

bye | eee pers see .: oy 47°. pertusa, Q. F. Miller; Asterias spongiosa, 
[oe |e [ft | L | O | A | 35°0-47°-0 Fabricius ; Asterias seposita, Retzius ; Echin- 

aster Eschrichtti, Miiller and Troschel ; Echin- 
aster sangiinolentus, Sars ; Echinaster Sarsii, 
Miller and Troschel ; Linckia pertusa, Stimp- 
son; Cribrella sanguinolenta, Liitken; Cri- 


Q) 


> bella Eschrichtii, Dujardin and Hupé. 
))) 235 of cea Pa ae Pn Ger ee eee A | 45°-5-46°-0 Se ee var. cylindrella, Sladen (Jide 
(2) Wecculltetae Weiera dliccsnlcea || castle |) Wa Wee Nice ve = Echinaster (Cribella) ornatus, Perrier (alim). 
()\Weseil lictinlisecet||lucees | eee L | se 
(ON) 5-1! cos WV) doce Bae \ eee Aral tesce sal | as re ats ooo 
46°°75— 

(Optics ces lhose lives 

Theale { Ane \ ee 
Ree eee ace heeess || cache ae le Cot cote Aesss . oll) MN ed eases 
() econ ie | le 1s aoe ce aN aN Lele ML ee Be cei 
(Olesen icomliecolaesce lisse nlmecciilla ct ilitesotl|tveao 0|| A FER 508 
(@0))\" Gam Ih don |) Baath SP Wy coe || caer) coc |) elle Maan | oar see ene 
qv) .. tia |\ieos L : sae teens 


=Othilia multispina, Gray; Cribella bra- 
nae + ne68 |Pope. (los Hl aoa. Ihdoa TiPal\seetey || ee unk siliensis, Dujardin and Hupé; Othilia bra- 
siliensis, Agassiz. 
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Rio Janeiro, 


RANGE IN 
P N. SeEa- 
LOCALITIES. PaaS g: Se Bea HA 
CRYPTOZONIA. 
LCHINASTERID#:. 
EcHINASTERIN &. 
Echinaster, Miller and Troschel. 
£. crassus, Miiller and Troschel q q q a) 
E. cribella, Liittken . ° - | Valparaiso. wee seeeee @) 
E. deplanatus, Grube Bh og ! % a @) 
*E. ertdanella (Val., M.S. mallee New Caledonia; New Ireland; \ 16-25 (4) 
and Troschel. Admiral ty Tslands3y) ys) 00)|\) palin anal en neni aan 
E. gracilis, Miiller and Troschel | Madagascar. coe et 2 aeons (6) 
E. lacunosus, Grube . : : 2 q q (6) 
. {| Off Montserrat; St. Vincent ; - F 
E. modestus, Perrier . ‘ 1 N of Havana: Gasdeoape 101-309 Volcanic sand and mud. |(7) 
Red Sea; Zanzibar; Que- 
rimba; Mauritius; Madras; 
- Timor; Philippine Islands; uj 
E. purpureus (Gray), Bell . Derneas See wen en AKG.) seenied (8) 
tralia; New Zealand (fide 
Perrier). 
E. rigidus,Grube . tk : 2 2 4 ) 
E. 
ek pera, in aaa and \ Off coast of Finmark. 107 Stones and Clay, (10) 
E. sentus (Say), Liitken . ma |(kCoastiot Hlorida;) assess sll |i ntts<cu nnd | nn ees ss @) 
E. sepositus oem atk Mediterranean ; off the coasts \ 10-35 (a2) 
and Troschel . . of Gascony and Brittany. |f =~ | °c" 
E._ serpentarius (Val., M.S.), 
Miiller and Troschel , i Vera Craze Foe Ns ese eat oe) Seresacs (28) 
*E. spinosus (Retzius), Miill 
es eee ‘) ia ote Virginia; Yucatan; Bahia; \ 719 () abil eae eee (4) 
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GEOGRAPHICAL AREAS, pase 
é 5 A a F A a] uw 
= oa a 3 . 5 aa -#/24 
a a $ 8 fp & € 8 2s eg Borrom 
3 s 38 ° aS 3 3 | @€3) 638 | && | Temperature: SYNONYMA AND REMARKS. 
a/4qf/n| 82/2) % | & | $8] Se) 4 | Famrenner. 
i] oe] 3 2 eq} a eed fe AlSo|ee 
we || Sy 1 tel lis Eas 3 |S] 2S| és 
Seeoudlae fe. | iy |) obs 1a) Ors |e 
2 i) 2 <a 4 
i ADs LOTS | Vi) Weel Vides |) Vali}, Tr C. A. 
{OW ccan | doc Aa eal | Ce || ME EN  Jotpa00 
(|, 000 ||) 06 5) || Sos |i ono lees SCM loa) eee Gn MY ceocone 
(S)|nscenlliese ati see En ee sees 
@) -- a ce co ap) 28 eee Incl.: Echinaster afinis, Perrier. 
(il eo ||0c aI ood 206 S80 Incl.: Echinaster Clouet (Val.), Perrier. 
GNI SA Sal| teeeel|eecen| eccenl Aecml neem eee eS Se ee Oe oF oioncae 
(O\e amulet ace 1} XG AG h=Gileybil) eases 
= Othilia purpurea, Gray. Incl.: Echinaster 
(8) see | + a ee . fallax, Miller and Troschel; Cribella fallax, 
Dujardin and Hupé ; Othilia luzonica, Gray. 
Q)| L ie tee wi 
Qo) + L oes 41°] 
= Asterias sentus, Say. Incl.: Othilia aculeata, 
ay} + 2 ate L Gray ; Echinaster spinosus (pars), Miiller and 
mat Troschel ; Othilia spinosa, Agassiz, 
= Pentadactylosaster reticulatus brevis, Linck ; 
(2) Asterias seposita, Lamarck ; Asterias (“Pen- 
tastéries”’) seposita, de Blainville ; Stellonia 
(12)| + aaa a2 1G; seposita, Nardo; Rhopia seposita, Gray ; 
ee Rhopia mediterranea, Gray ; Cribella seposita, 
Dujardin and Hupé, Incl.: Asterias san- 
guinolenta, Retzius ; Asterias sagena, Retzius. 
(13)} + TI a soca 
= Pentadactylosaster spinosus regularis, Linck ; 
Asterias spinosa, Retzius ; Othilia spinosa, 
Gray. Incl.: Asterias echinophora, Lamarck ; 
(i4y) + a L ar Echinaster (Othilia) crassispina,  Verrill ; 
Echinaster crassispinus, Liitken ; Echinaster 
echinophorus, Perrier. 
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RANGE IN a 
LOCALITIES. DeptH: NAQUAL Gy tate Se 
FaTHoMs. 
CRYPTOZONIA. 
ECHINASTERIDE. 
EcHINASTERIN:. 
Echinaster, Miiller and Troschel. 
XE. spinulifer, Smith . Kerguelen, 28-127 Volcanic mud, 
E. spinulosus, Verrill Floriday# ~»-.. Wh Gee Pe eee FR Ree pee 
L. tenuispinus, Verrill La Paz. Secese 
E. vestitus, Perrier MayotterIslands (1 17) 2) ui) a excen Malice cee mses 
Plectaster, Sladen, 
P. decanus, Miiller and Troschel, { Port Ji ackson ; Port Phillip ; \ et: 
sp. : : 3 South-west Australia, 
Subfamily Vatvasrerinaz, Viguier. 
Valvaster, Perrier. 
V. striatus (Lamarck), Perrier Mauritius. sl Fi |, 7) eR 


Family Hezrasterips, Viguier. 
Heliaster, Gray. 
H. canopus (Val., M.S.), Perrier. 


HZ, cumingit (Gray), Verrill 


jardin and Hupé 


V8 f, microbrachia, Xantus 


*H. helianthus (Lamarck), mh 


HT. multiradiata (Gray), Verrill - 


( 


Island of Juan Fernandez. 


Hood’s Island; Chatham Is- 
land (Galapagos); Peru 
(fide Verrill). 


Off Ecuador ; Peru; Chili. 


California; Mexico; Panama; 
Pearl Islands. 


California; Mexico; Gala- 
pagos Islands; Sandwich 
Islands. 


| 
| 


eeeeee 


eteeee 


@) 


(2) 
(3) 


(@) 


(6) 


(6) 


(7) 


(8) 


@) 


(10) 


a1) 
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BATHYMETRICAL 
GEOGRAPHICAL AREAS. ZONES. 
Salen alg lah ae lees ienaneea 
1 ei2| 81.8| 4] 8 | e121 S81 porn 
3 Ss ° ° Ae 8 8 I 4 a= 3 fs | TEMPERATURE: SYNONYMA AND REMARKS. 
Se) || |S ge /28) & | & | ss) 88) Te] Fanrennerr, 
= < et Bt | regis | ey seer Cat 
Sa/a/8]48 /83! £ | 3 |So/ 88] ss 
7 * 3 2 q 3B }ea5 | 65] 25 
Somes en bedilie | 8 | anodes 
a n - n ro) | <8 
ae 
I. |) MEE | LV) Ve. |) Vas, | VETS! Cc. A. 
Cod)! Sasa soae Ball iar do . 50 = Othilia spinulifera, Smith (olim). 
(2) aF eee see . . tee eeeees 
(3) soa cas Bou\| ae L ae 600 steeee 
(lace eee + = Ophidiaster (?) vestitus, Perrier (olim). 
alee ula rt = Echinaster decanus, Miiller and Troschel ; 
©)) see OO 8209 $ 7 Ont) Solaster decanus, Perrier, 
TL =Asterias striata, Lamarck; Asteracanthion 
OY) Goa 600%) 5 ee a . wee striatus, Miiller and Troschel. 
(D Se ib, Me ay aconto 
“E)\| eee ee tot) By ll 3 a = Asterias (Heliaster) Cumingti, Gray. 
=Asterias helianthus, Lamarck ; Stellonia heli- 
anthus, Agassiz; Asterias (Heliaster) heli- 
(9) see oe |) 2b tee i anthus, Gray; Asteracanthion helianthus, 
Miiller and Troschel. 
ali)! 655 | cee + byl Ao ssesee 
= Asterias (Heliaster) multiradiata, Gray. Incl.: 
(1) a || } Heliaster Kubiniji, Xantus. 


SSS Sn nn ee ee eee 
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RANGE IN 
Locatiries. os : NATOHR abies SEA- 
CRYPTOZONIA., 
Family PzpicELLASTERID#, Perrier. 
Pedicellaster, Sars. 

*P. hypernotius, Sladen . - | Off Marion. Island. 140 Volcanic sand. Q) 
P. margaritaceus, Perrier , - | “Travailleur” dredgings. 670 Od0CeO (2) 
P. octoradiatus, Studer. - | Off Island-of South Georgia. 14 wseees (3) 

Discovery Bay ; Cape Frazer ; | 
P. palxocrystallus, Sladen . (2) Gulf of St. Lawrence 25-80 Hard bottom. (4) 
(jide Verrill). f 
P. pourtalesi, Perrier 6 - | Off Grenada; St. Kitts. 127-250 | Fine sand. ©) 
P. sarsti, Studer 5 A . | Island of South Georgia. see Betelee (6) 

*P. scaber, Smith . - | Off Kerguelen Island. 20-25 Volcanic mud. ) 

P. sexradiatus, Perrier, - | “Travailleur” dredgings. 1730-1808 seeeee (8) 

Off Norwegian and Murman 

coasts ; Nova Zembla; Jan Ol: ‘sometimes 

P. typicus, Sars. . . Mayen ;. Beeren Island 5 50-620 { San oie \ () 
Gulf of St. Lawrence (fide ; 
Verrill, 

Family Asrzripz, Gray, emend. 
Asterias, Linné. 
(Astertas sensu stricto.) 
*A. amurensis, Liitken : - | Yokohama; Gulf of Tartary 5-25 teers (10) 
NG i d, gravel, rock ) 

Semana : : {] W. of Patagonia; Strait of | ) af { Sand, g , 

cuningionm, Teriee Vile WMepellan saWalldenditsidea se cho) Ian eae ckcelis fleo 

AMT omonntn nds q Off Strait of Magellan, At- \ 9 Sand, cravel, : 

ri fe sae tippcis side; Falkland Islds, | f 12% | Pan’ & oa 
*A, meridionalis, Perrier {| Off Kerguelen and Heard | | 10-127 Volcanic mud, (13) 
| Islands. J 


*A. perriert, Smith . 3 . | Off Kerguelen Island. 25-110 Volcanic mud. (14) 


North Atlantic. 


= 


BATHYMETRICAL 

GEOGRAPHICAL AREAS. ZONES, 
a ; a 
S : a plats A é 4/568 
3 8 3 $| 2a] a/a gies 
s q od 3a |--e] 8a] of 
q oO (o) BS ° o aed wey aR 
a 6 Ba & 3 Es | ga] ws 
4 =| 2a) & Ay es] omy aH 
a iy Ki - i] om] eel} So eis) 
a s a ica] a ar " -—olEeS aS 
S =! 2 = 3 |e 3 m9 
BS 4 SS a/S2| Pa 
iS} r= i} n S 3S 
e a © 1) Silisa 
DR [PW LEVicral Vich ||| WViKnn | WikMei|) las (oh A. 


Borrom 
TEMPERATURE : 
FAHRENHEIT. 
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SyNONYMA AND REMARKS, 


+ 


+ 


Q 


Q 


52°°5-56°:0 


29°-4-36°°5 


oeeeee 


seen 


Incl. : Othilia sewradiata, Studer. 
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THE VOYAGE OF H.M.S. CHALLENGER. 


Subgen. Leptasterias (Verrill). 


*A, (L.) compta, Stimpson, sp. 


A. (L.) miilleri, Sars, sp. 


Subgen. Stolasterias, Sladen. 


*A. (S.) africana, Miiller and ) 
J 


Troschel, sp. . ; A 


IS 


Off coast of New Jersey and 
S. of Nova Scotia. 


Finmark ; coast of Norway ; 
Faerde Channel. 


Cape of Good Hope, 


RANGE IN 
NATURE OF THE SEA- 
L by D : 
“ums Ae Bonen 

CRYPTOZONIA. 

ASTERIIDA. 
Asterias, Linné. 
(Asterias sensu stricto.) 

A, rubens, Linné é ‘ The British Area, 0-53 eae 
*A, torquata, Sladen ‘ 7 Yokohama, Japan. D=200 0 Fl) a aaa 
*A. versicolor, Sladen. =, Off coast of Japan, 8-50. Sand. 

*A, vesiculosa, Sladen 4 Arafura Sea. 800 Green mud. 
Subgen. Cosmasterias, Sladen. 
Messier Channel; Tierra del 

AMO Weulenrorcr : : Fuego; Strait of Magel- 

(C.) sulcifera; Perrier, sp Tan; off Busnog Ayres (fide 345 Blue mud. 

Studer). 

*A. (C.) tomidata, Sladen , - | Gulf of Peiias. 45 Green sand. | 
Subgen, Smilasterias, Sladen. 
*A. (S.) scalprifera, Sladen Off Marion and Heard Islands. 50-75 Volcanic mud, — 
*A, (S.) triremis, Sladen {| BefmeenKenguelenand Heard |1 159 | Coarse grave 
Subgen. Hydrasterias, Sladen. 
*A, (H.) ophidion, Sladen. South of Nova Scotia. 1250 Blue mud. 


Gravel, stones. 


@) 
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| BATHYMETRICAL 
GEOGRAPHIOAL AREAS. ZONES: 
Secale Gites | oo] ueines les 
a]/af]/s]s | 4 | 8 |8/28| $3], Borrom 
s/s 8 ° gs Ei 2 | 23] 88 | &e | Temeerarvre: SYNONYMA AND REMARKS, 
3 4 Ya lee} a A | 88] ee] - | FAHRENHEIT, 
Seg eaa siias| |  |soleeyes 
eeu sealer Solo S | ot ee 
rial oe Wateall| 2 4|n A ee E 
i NOR Hoos ylang Wi NTA Waa oe 0 Cc A. 
=Stellonia rubens, Nardo; Uraster rubens, 
Forbes; <Asteracanthion rubens, Miiller and 
Q} + . aie 15 25 Troschel. Incl.: Asterias glacialis, Pennant; 
Asterias clathrata, Pennant ; Asterias holsatica 
(? pars), Retzius ; Asterias minuta, Retzius. 4 
(2) . . oo . ar D ee aovece 
(3) eee || eeu} |Boses Ill) ct L Fs i ae 
(4) ° 5 see ove an . coe A A 39°°5 eee 
oF = Asteracanthion sulcifer (Wal., M.S.), Perrier ; 
()} eee | + O | 860 ct ~| C a 46°°0 Asterias sulcifer, Perrier. : i 
(6)|[eeeot lees 5l| a5: |) eesallAcon ||) 4a. e: : aoe pean 
i) es + 7 | 1b 4 see eee 
(8) Ao tail elec : L nal iges's BOI od 
(| + | we ies 6 || cco || con || aonet | ak 38°°0 seeree 
- = Asterias compta, Stimpson ; Leptasterias comp- 
(@X\| FBV) 05 ||) Goo |))c05, |lPoso || 000 | Foes ere |e 35°°0 } ta, Verrilh ; : 
n = Asteracanthion Miilleri, Sars; Asterias Miil- 
qu)) + : Lie pl alicco=4 One } leri, Norman; Leptasterias Miilleri, Verrill. 
i = Asteracanthion africanus, Miiller and Troschel ; 
C2), vee | F deeeee . see Asterias africana, Perrier, 
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818 THE VOYAGE OF H.MS. CHALLENGER. 
RANGE IN 
Locatirvizs. DEPTH : 
FaTHoMs. 
CRYPTOZONIA. 
ASTERIIDE. 
Asterias, Linné. ~° 
Subgen. Stolasterias, Sladen. 
{ Mauritius; 8. and §.E. Aus- 
*A. (S.) calamatia, Gray, sp. - tralia; Tasmania; New}; 0-38 
| Zealand, { 
*4.(S.) eustyla, Sladen. | pet anaes aaa \ 100-150 
fare el per as ie Chills ijiislands m 
Perrier, sp. 
Finmark ; Iceland ; European _ 
*A, (S.) glacialis, O. F. Miiller, coasts ; Mediterranean ; L066 
sp. . 6 . ° Azores ; 3 Canary Islands ; 
Cape Verde Islands. 
*A. (S.) stichantha, Sladen . S. of Japan. 345 
Mediterranean; “Madeira ; 
*A. (S.) tenwispina, Lamarck, sp. Che ya ee 0-174 
\ muda; Abrolhos reefs, 
*A. (S.) volsellata, Sladen Off Zebu (Philippine Islands). 95 
Asterias (not classified in subgenera). 
A, acervata, Stimpson ’ Bering Strait. 5-15 
A. acutispina, Stimpson - , . | Island of Ousima. ee 
A. xqualis, Stimpson 6 Monterey (California). ase 
A. alba, Bell , ‘ - Sandy Point (Strait of Magellan). 7-10 


j 


A. angulosa, Perrier . ¢ 


Alligator reefs ;° Strait of 


Florida.” 


NATURE OF THE SEA- 
Borrom. 


et eeee 


Coral reefs. 


Green mud, 


Clean gravelly bottom. 
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: BATHYMETRICAL 
GEOGRAPHICAL AREAS, oNnse 
lesa as) gale a| a |e | @ lea ga 
Sa ealege|| s 4 S14 -|_. EB ds a8 Borrom 
3/3/)8/°C 1/83] 2 s | 23] 88 | he | Temeerarure: SYNONYMA AND REMARKS. 
=) || SI = a /¢e) % | & | SS) ge | = | FAHREnueir. 
er Mee EE Ee SST es tee ere See || eS 
Bolen ecae leg Sols | eienlies 
6 q is) a 
z R 4K 3 A nR at g 3 E 
15 II, | Il. | IV AViop avon (AVAL s), |e, C. A 
i =Asterias calamaria, Gray ; Asteracanthion ca- 
(frees |i|exs a PHONY pracy | ke a 15; lamaria, Miiller and Troschel. Incl.: Coscin- 
| asterias muricata, Verrill; Asteracanthion 
australis, Perrier ; Asterias Jehennesit, Perrier. 
(@)\eesen lec: é 3 L is a 
Sonee ft ls = Asteracanthion gemmifer (Val., M.S.), Per- 
(B)| cee | cee Press | coe | coe | vee eee lists see rier ; Asterias gemmifer, Perrier. 
Hae =Asterias glacialis, O. F. Miiller; Stellonia 
glacialis, Nardo; Uraster glacialis, Forbes ; 
Asteracanthion glacialis, Miiller and Troschel. 
Incl.: Asterias spinosa, Pennant; Asterias 
10 | angulosa, O. F, Miiller ; Asterias echinophora, 
(G3}) ae |) o0c 1) .c90",||"“gon |p G88 feccos) fea eu icinee see Delle Chiaje ; Stellonia angulosa, Agassiz ; 
I , Stellonia webbiana, a’ Orbigny ; Asteracanthion 
webbianum, Dujardin and Hupé; Asterias 
madeirensis, Stimpson; Marthasterias foliacea, 
Jullien. 
ey eee eee [acest wee eee ieailiiee: Jesse ool sy oe ‘seman 
ils = Asterias tenuispina, Lamarck 3 Asteracanthion 
tenuispinus, Miiller and ‘Troschel.  Incl.; 
6) + | it Asterias Savaresi, Delle Chiaje ; Asterits gla- 
) ae nad (oon om a cialis, Grube; Echinaster Doriv, Filippi ; 
laree ile Echinaster tribulus, Filippi; (2) Asterias at- 
lantica, Verrill, 
Cae te Wiese aoe L > Poe Wile Gh See 
(8)\ meee ness 5 cialieste atl ost eles 4 Serra, een Recs 
(9)| «+ seg |! see | oes | - | L se tater Of eesasee 
EL} 605 || ca a5 |l cog ||) occe MI oe L Siileacs SE edie ® ©, — ol eabeere 
TN cop |) CBN ea5 || oo |) sors || Sd |) coo |) 28] (Poco WY oc see 8 P  iicesnc 
(12)] | cee | oe | cee | cee | cee | eee 1 leeetal cers eee = (non Asterias angulosa, O. F. Miiller). 
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THE VOYAGE OF H.M.S, CHALLENGER. 


LOCALITIES. 


RANGE IN 
eee NATURE OF THE SEA- 
FaTHOMS. Bottom. 


CRYPTOZONIA. 


ASTERIDA. 


Asterias, Linné (not classified). 
A. antarctica (Liitken), Perrier { 


A, 


A, 


atlantica, Verrill . 


bellaz, Studer r 


A, borbonica, Perrier 


pm & P BR BR PB fh 


. brachiata, Perrier . 
. brandti, Bell 


. brevispina, Stimpson 
. briareus, Verrill 

. camtschatica, Brandt 
. capensis, Perrier . 


. capitata, Stimpson 


. conferta, Stimpson 


. contorta, Perrier . 


A. cribraria, Stimpson 


A 


A. 


A 


. epichlora, Brandt . 


exquisita, de Loriol 


. fascicularis, Perrier 


f 
| 


. clavata (Philippi), Perrier 


disticha (Brandt), Perrier 


= 


Puntas Arenas (Strait of Ma- 
gellan). 


Abrolhos 
Cuba (?). 


reefs; Bermuda; 


Off E. coast of Patagonia. 
Island of Bourbon. 
Gulf of Georgia. 


Trinidad Channel (Strait of 
Magellan). 


San Francisco. 

Off Chesapeake Bay. 

Off Kamtschatka. 

Cape of Good Hope. 

San Diego (California). 

Chili. 

Puget Sound. 

Barbados; St. Vincent; Mont- 
serrat; Grenada; Guade- 
loupe; Sand Key; Carri- 
acou; Cuba. 

N. of Bering Strait. 


Kanin Peninsula; White Sea. 


Sitcha ; Puget Sound; Mouth 
of Oregon. 


Santa Cruz (California). 


Guadeloupe. 


Ly Ge Nag iea Es 

ve of 

63 Sandy mud. Q) 

species 4) 

Soccws (5) 

\ 30 Mud. (6) 

Seat ryt ol ete (gts cetans () 

SHEA YG) || ponoce (8) 

SbOHC (9°) 

(20) 

Seaice (11) 

Sete (12) 

C S000 (13) 
Volcanic and coarse 

1-s60 J] gant Dale be tg 

tocks, 

20-30 Muddy bottom, (15) 

poteed (16) 

\ conto | nA Oe Pesca (7) 

Deep water, | ===. +0 (18) 

309 Volcanic sand and mud.|(19) 


Q) 


@) 


@) 
(4) 


(6) 
(6) 


«) 
) 
©) 

(0) 

qa) 

a2) 


Q3) 


a4) 


(15) 


(16) 
(ou) 


as) 


qs) 
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BATHYMETRICAL 
GEOGRAPHICAL AREAS. ZONES, 
ee Sal sels local. s (vetiece ears 
Palo besuls $18|/8 |.2/2 8 es Borrom 
ap eal © g=| 8 | 2 | 22] 23] &3 | Teweerarone: SYNONYMA AND REMARKS. 
x = a |/e2] A | Se} Se). | FAHRENHEIT, 
ala|4|s sa! 4| 8 |3e|2s\|2e 
E18 )/3/3 |Fe| 8] B IAS| 83] 2s 
S18 /8/2] 41/2/8| Flsalee 
a n te n 2 ° 2 |< 4 
be) 
is Ty |) TEEPE.) Ve ||) Wie eVEa | oT. (OF A. 
newullle see L ss = Asteracanthion antarcticus, Liitken. 
+ L Perhaps same as Asterias (Stolasterias) tenwispina, 
seis i Lamarck, sp. 
ay doe ccc mm clin 2. BOR Gear 
woo =f oe oe Coon |) a Sewn NS bo Saongs 
Beal lia. is 9 |S [eee | ees: | An A ee 
cob + | 1 A000 
465, || G05 + L Sorbet WN cn, 1 ye Agee tae 
+ |. 18; | © UT || oe Le Sew Sioccco 
600. |! coc + Ea |ire wee “pange 
Soo oe + Gy |e sellers GOOG 
do HI G08 oe +/4L 56 = Asteracanthion clavatum, Philippi. 
on. || s600 aes + Ihc ans o, CES te Bee: 
+ ar wos een eens | a: |) AN S05:5—6, 95:0) (mem nS cote 
os ory oe eee esisieiele 
<! [eae Fi eels = Asteracanthium distichum, Brandt. 
: tallies L ; CONDO 
eee eee eee * + wee eee q eee @eecce 
a Nh core I eee, || coal "ce re || ca || (C Scie tl lt eee cll) «5 fcc 


822 THE VOYAGE OF H.M.S. CHALLENGER. 


RANGE IN 
tena an 
CRYPTOZONIA. 
ASTERUDA, 
Asterias, Linné (not classified). 
A, fissispina, Stimpson =, . | Shoalwatér’ Bay, Oregon. eee savees 
A. forbesi (Desor), Verrill . { ane Ree er aie \ Qa20 WN [ek aeeeee 
A. forrert, de Loriol . : - | Santa Cruz (California), cee sa506 
A, fragilis, Studer , : . | East of New Zealand, 597 Ss0065 
A dcersi(Pikippiy Baricei eee Chat fe Wet 
A. fulva (Philippi), Perrier , | Puerto Montt (Chili). sos We) Senos ° 
A. fungifera, Perrier . : . | Australia, peti et NSE yee Soeeteee : 
A. gelatinosa, Meyen. : . | Chili; Bolivia. So ee) seo 
A. georgiana, Studer : ° . | Isle of South Georgia. ot (torrie 
A. germaini (Philippi), Perrier . | Castro (Island of Chiloe). 5} Boned 
Barbados; _ St. Lucia; St. 
A, gracilis, Perrier . : eee a Be 20-635 { eke ee pave 
nique. . she ; 
Off Greenland, and extending 
: : northward to Discovery 
4 en aaah ya ere oo ae 
rence; Grand Manan; Spitz- 
bergen ;.and Nova Zembla. 
A. gunnert, Danielssen and Koren | Advent Bay, Spitzbergen. 60 Dark shingly clay. 


E. of Cape Negro (Brazil); E. 


rhit p f 
A, hartii, Rathbun- . 6 1 of Uruguay (side Studer). 


\ 24-62 Gravel. 


A. hexactis, Stimpson . . | Puget Sound. Sch fac ey weve ee 


A. hispida, Pennant . 4 . | The British Area, .. “* yee =s* | seeeee 
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GEOGRAPHIOAL AREAS. peg ce 
3 é : =| . " 9 a ee 
BS ian fae Myla. 3 Cullen all = g = g rs g Borrom 
4 | 3 Sale g Saline 8 | gS) 2S | GS | Teweerarure: SyNoNYMA AND REMARKS. 
af/qa/o5|2¢/88) 2] @ | ss| se) .e| Faurennzir. 
aq a Ss a a 4 3 a =o] eB Ss ES 
Slee Sal compere hea Calves alee 
Pe || ea |) ae Gi 2 ee Salas 
a S 
I. TE | DE ae |) We. | Vi) VIL! Ts. Cc, A. 
oa lI 60 20 + L Pee osseee 
= Asteracanthion Forbesit, Desor. Incl: Aste- 
L racanthion berylinus, A. Agassiz; Asterias 
+ eit aees . see arenicola, Stimpson; <Asteracanthion nove- 
+ ve boracensis (Val.), Perrier. 
Baers | ane coe | + dae 4 ae | Ce hate Santas 
eee eee - oot ar eee 
doc + | L =Asteracanthion fulgens, Philippi. 
mespal tracts +] L = Asteracanthion fulvum, Philippi. 
Ao |b oo 2 sea | ierele P| AG 66 S00c60 
rf = Asteracanthion gelatinosus, Miller and Troschel. 
GOON | o |) ar Op HOC aise Incl. : Asterias rustica, Gray. 
doe Poo |) ae lease wae = Asteracanthion Germaini, Philippi. 
a L | C-} A | 30°5-74°:5 added 
= Asteracanthion Miilleri, Sars (2), var., Steen- 
ie Ti strup ; Asteracanthion grénlandicus, Liitken. 
see eee Incl. : Uraster violacea (pars), Forbes (?) ; Aste- 
rias Miilleri, Stimpson, 
ar ose oa if; anG 33° ‘26 Ce ee Ch GadonD 
cen fiici ep ear ato 1 Wa. aS ° anosos 
ceo. || Se : ct feeott Lay || seetipres cp, ed) | eB ek © conte 
(6), + Ieee [Nae Mian ec ma VIN Bsc, Ne NS 
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LOcALItIEs. 


CRYPTOZONIA. 
ASTERIIDA, 


Asterias, Linné (not classified). 


A. hyperborea, Danielssen and 
Koren . c . ° 


A, inermis, Bell A 
A. janthina, Brandt . 


A, japonica, Stimpson 
A, katherine, Gray 
A. lacazit, Perrier, sp. : 


A, linckit, Miiller and} ara 
sp. 3 C 5 5 


A, linearis, Perrier, . 


A, littoralis, Stimpson, sp. . | 


. lurida (Philippi),§Perrier 
. liitkent, Stimpson 

. mexicana (Liitken), Perrier . 
. mitts (Philippi),® Perrier 


mollis, Hutton 


p> & hh Pp bh 


nautarum, Bell 


A. normani, Danielssen and Koren 


A, neglecta, Bell 


A, nuda, Perrier 


\ Bear or Cherry Island. 


Ecuador. 
Sitcha. 


Japan. 
Oregon. 


South Carolina, 

N. coast of Scandinavia ; be- 
tween Beeren Island and 
Spitzbergen, 

Off Alligator Reefs (Florida). 

East Port (Maine); Bay of 
Fundy, Gulf of St. Law- 
rence. 

Castro (Island of Chiloe), 

Oregon ; California. 

Vera Cruz (Mexico). 

Chili. 

New Zealand. 


Ecuador. 


Gregory Bay (Strait of Ma- 
gellan).-- 


N.W., of Beeren Island 


Port Lincoln, Torres Strait. 


RANGE IN 
DEPTH: NAZUEE OF es SkEa- 
FaTHOMS. : 
35 Hard shelly bottom. 


secsee 


eeeeee 


eereee 


70-148 Clay and hard ground. 


85—110 acacia 
Half-tide - 
to 50. \ Rocks and fuci. 


eeeeee 
aeeeee 


180 Firm sandy clay. 
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GEOGRAPHICAL AREAS. BATE METHIOAL 
Solera. loa lite lee. |e | shea bate 
Be rae lege ae Sls lust: | 8 a3 es Borrom 
Sats & fo) Pe 3 s | ¢4| 88] &8 | Temperature: SYNONYMA AND REMARKS. 
a Pen Se | a ere. P|, 1.8 =| S| se | Faurennerr, 
alee le | Sages | 4 |S) selgs 
+] 3 Est Se eeet | 3 [Hi | 65] 25 
Se lece (suse eal sel) Oa ae 
A nR n So 8/44 
1g TES LET Lier [Paver Vrs Vallee i. Cc. A. 
(A aa levees (Morey [feereioud iueeeus|leeciah tare |) ely | ne 35790) wn fn mmeeaatt 
Q) . - a lve + ae 
@®)iikase oe eee eve one sks eee COC ee Wpe Nn 8 Sodpoda 
Qa] ise. ll cc see) ||| come + 9 cee COON |) a scootCd 
ie = Asteracanthion Katherine, Miiller and Tros- 
©) soe ives [core | ene || .o- Pe see chel. Incl.: ? Asterias gigantea, Stimpson. 
7 iC, = Asteracanthion Lacazii, Perrier. Incl. Echin- 
©) + icin mi HpenerSie | lictese:s Ib fee soe aster echinura, Valenciennes, 
=Asteracanthion Linckii, Miiller and Troschel. 
(T)} | vee | vee | coe | eee L oo Incl. : Asterias stellionwra, Perrier, 
()| + boo || cas «ine tal| accel {encu|) OP aces | ees 61°75 tteeee 
(S) ecto eoetia linecstall recor eae LE arsed Reese = Asteracanthion littoralis, Stimpson. 
(10)... Paliecae Tl ibe Nees Ales = Asteracanthion luridum, Philippi, 
(@20)| Apo af snoo see |e val @elm ose sere testes 
@2)) +E |. ime) | seed (i (ame) Ua | Ba F = Asteracanthion mexicanum, Liitken 
(3)| ... es Nabe et (Pe Uh |b  e bae Re U 6 ap He whe = Asteracanthion mite, Philippi. 
(1) resent tess alias se) i|luas er et ws 9 Boal aan) |e Sore | nnn eR occ aroto 
(15) ieee fs Fra leer: eon |faecion |) aula wes sare states 
GOMES se Bi ilesee ||lesaaaltocete| ect: (ALi Weee | es ose seeees 
a7) + |... 5 || ec L ot 36U5: ye Pe a cree 
(is) apa ill tor | o6c + +. L easy ek pili Pl © pac eae teed 
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RANGE IN 
LooatitIEs. posers: e NASUEE OF ate Ao 
CRYPTOZONIA. 
ASTERUDE. 
Asterias, Linné (not classified). 
A, obtusispinosa, Bell . { preted OHS (SESS MT \ 9-10 Sand, Q) 
g : 
f Shantar and Achae Islands, 
A. ochotensis (Brandt), Perrier l Hey) Bay (Sea of Ok- ) 
hotsk). 
A. ochracea, Brandt . : . | Sitcha to San Francisco. Low water, — io yen (3) 
( Kara Sea ; N. of Scandinavian 
A, panopla, Stuxberg BaD Ses seat Ge a ue 23-260 Clay; Blueclay, stones. |1) 
Spitzbergen. 5 
ae F { Cireum- 
A. paucispina, Stimpson , . | Puget Sound. ) iittoral fly. 9 cee (5) 
A. pectinata, Brandt . 9 . | Kamtschatka. cen Pel PP Basees (6) 
oye “South America” -(Hasslar | | 
A. philippi, Bell { Renae fe ce, My he Rees 
A. polaris (Miiller and Troschel), {| Greenland; Labrador; Gulf 
Verrill . : 9 , { of St, Lawrence. \ 0-57 Rock. (8) 
A. rarispina, Perrier . 6 - | Cape of Good Hope. ao) hace (9) 
A. richardi, Perrier . j . | Off Marseilles (Mediterranean). 294.5 i) ewan es (10) 
A. rodolphi, Perrier . : - | Kermadec Islands, St) | sGoapee 1) 
A. rollestoni, Bell . 4 . | Japanese Seas, goin || Dn Mrssisicre @2) 
ae : ( Tierra del Fuego; Port Famine, 
A. rugispina, Stimpson Strait of Magellan; off Bue- 30 (13) 
{ nos Ayres (jide Studer). 
A. rupicola, Verrill . . » | Kerguelen Island, Beach. Rocky, (14) 


A. scabra (Hutton), Perrier - | New Zealand. 


Q) 


@) 


(4) 


(6) 
(6) 


@ 


(8) 


@) 
(1) 
@)) 
2) 


@3) 


4) 
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BATHYMETRICAL 
GEOGRAPHICAL AREAS, TAA 
és é x a . is aol] wow 
= 4 3S : $ wm ~ og 
Ela) a | 3 Sis ls |B |g g\ 28 Borrom 
3 2 fo) Aa| ‘So 8 | 38/88/23 le , 
s 4/8 BS] 3s a | £2] 23] &8 | TEmMperarore: SYNONYMA AND REMARKS, 
4)/4]4] 8 |ee| |] & | se] oe) | Faurenuerr, 
- 3S 2 | o| & B |HS| Ss] 23 
Bi ele /2/ 4/2] 8 "Ses | 23 
A n ol NR a So 31 < iS 
e 
I. DE LETS LV) Vier |) Vike | VEG) ob C. A. 
ster | eto (orsees lite ees || ace 5 HDD mocel leeora Welty teed) - ee eee 5.15. 
welts 50 pc || ae | oneal | lbh & |}eaéc ees = Asteracanthium ochotense, Brandt. 
a L Incl.: Asteracanthion margaritifer, Miiller and 
SE Wine ee | Iie meee Md eel] Malad i Beer a Troschel ; Asterias margaritifera, Bell. 
Hep lieey [Palle sesul can | sau Teal Cale 20reastes = | 9) Nees 
Gea. || ‘coon | s00) ace tl eaoal ae L ales: Scola) eee  Weoodand 
ronllieecatll tame. || se ||lcsse |= L a Ae Ge 0 dP Wesaact 
oa. || becom Maar meeilires rial bacon eee I MM eee 
= Asteracanthion polaris, Miiller and Troschel. 
Incl; Asterias rubens, Fabricius; Asterias 
he 1b, minuta, Fabricius ; ? Asterias violacea, Sabine ; 
| irsrae eal livre (Mega : < He Asteracanthion rubens (pars), Dujardin and 
Hupé; <Asterias borealis, Perrier; Asterias 
Douglasi, Perrier. 
eee etait [esol || cecehi|iese bao ||P ae: ve wt) t~=~S GO 
+ | wee | eee see | one we | C |... coc Lotteees ; 
of [ead Monae || eer Mite (ah? |) de : te 2) Reo SScc 
{ 
pee Peta liesae) |lceen' | osc Te |ese| ese rile? ) ~- Gmececs 
celal || ccleal ||| see + oot) oy I Reo fe) SRacotin 
Ar = Margaraster (?) scaber, Hutton. 
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RANGE IN 


: a N. SEa- 
LOOALITIES. ae * Se Boon ue 

CRYPTOZONIA. 

ASTERIUDZA, 

Asterias, Linné (not classified). 
ee Margarita Bay; Cape San 
A, sertulifera, Xantus { Tee \ ince Q) 
A. sinusoida, Perrier , c +||| Hobarty Town (lasmania)\ 3) ieee ule eeces Q) 
A. spectabilis (Philippi), Perrier ‘| Island of Chiloe. _ so ped aes: A-zassohcesy | aeell(S) 
A, spirabilis, Bell, : ra Oftaball lan dis] ands] sents s ns || =o (4) 
ae aed ae ee and ; Spitzbergen. 37 Dark: grey clay,’ (6) 
A. steineni, Studer . : . | Island of South Georgia. S| ee eo (6) 
A, studeri, Bell, : Off Kerguelen Island. 100 “Black basaltic sand. — (2) 
. As {| 8S. of Martha’s Vineyard, and i “Sand fand ~mud; 
Aeatiner, Neral sae . \ 8. of Newport. i \ G2oai3 shells and sponges. (°) 
. {| S. of Cape Ann (Massachusetts ye } 7: 
A. tenera, Stimpson . c ) Bay) to Bay of Fundy. \ 20 Rocky bottom, (9) 
A. troschelii, Stimpson, |) dese istawanee ePSoe (10) 
A. vancouveri, Perrier 3 | }sVancouver:island si sss sln ssi |( in titres senses || unger (4) 
A, varia (Philippi), Perrier 7 sland ofiC@hiloe) ean || eemiesst nn | Gann racees (12) 
St. Martin’s Cave; Pecket 
A, verrilli, Bell, ‘ D Harbours iGreroryseBayss |) antes en eee ences (13) 
Elizabeth Island. 

A. violacea, O. F. Miiller . «| British’Area; Finmark, 9 | .s | tees a4) 
A, vulgari ti 

Poe Sade epee } Labrador to’Cape Hatteras. 0-208 See Na) 
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GEOGRAPHICAL AREAS. Bar MBTRIOAL 
: : a || a] a 
| & i | 3 ;| 3 ; 2) .8) 28 
£12) 2| 21.8) 214 |.8/38| 28], Boro 
3 3 2 f(a a | €4|/ 88] &8 | TEMPERATURE: 
ey cea eS) a/$8) am | & | 53] 89a] ME) Panrennerr, 
<j 4 Aa oo) 2. He | en Li} 
a o BS aq aq a) por—) cs 
a\/4/4/| 4 "2 € | 2/42/38) 8 
il 
Et ta NES es a Se 
S 
au DE LEDS LV eV) Wake, | Vale. |) ed C. A 
76)! Toc : + L de 
(2)] eee | cee a5 
(3) |Mecse lesa lace ns + : 
(|. | + A 
(| + a : L 31°64 
(6)| +. 3 a ; : : : 
(7)| eee | coe +e ° 
(| + |. aot L/C 
(O) al | erste | (ress L : 
(20)|) soo | eee éfa. | 6a + ae ies é 
AD] ae. | cee ar : : 
(12)| ... eee “ar aoe 
(13)| «0. | + oe L ae 
las] + |. es L tee 
qs5)| + : I} C 0 


SYNONYMA AND REMARKS. 


eeeree 


= Asterias mollis, Studer (non Hutton). 


= Asterias (Leptastérias) tenera, Verrill. Incl. : 
(2) Asteracanthion flaccida, A, Agassiz (side 
Verrill), » 6 


= Asteracanthion variwm, Philippi. ° 


=Uraster violaceus, Forbes; Asteracanthion 
violaceus, Miiller and Troschel. Incl. : Aste- 
rias holsatica, Retzius ; Asterias minuta, Ret- 
zius ; Astérias glactalis, Johnston ; Stellonia 
rubens, Forbes, 


Incl. : Asterias spinosa (pars), Say; Asterias 
rubens, Gould ; A steracanthion rubens, Desor ; 
Asterias Fabricit (A. Agassiz, M.S.), Perrier ; 
Asteracanthion pallidus, A. Agassiz; Asterias 
pallida, Perrier ; Asterias (Leptasterias) Stimp- 
soni, Verrill, ~« ‘ 
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RANGE IN 
NATURE OF THE SEA- 
Li L D : 
cosTa = Bomex 
CRYPTOZONIA. 
ASTERUDZ, 

Uniophora, Gray. 

U. globifera, Gray . 4 . | Tasmania. coeds i, Mil eee ties Q) 

U. granifera (Lamarck), Bell . | Tasmania. sooth) eet RMT Meecess @y 
Calvasterias, Perrier. 

C. antipodum, Bell . 5 3 2 4 q () 

ee P Falkland Islands; T 
C. asterinoides, Perrier. ices (fi i Parien). ae \ eae) |) eteseioss (4) 
Falkland Islands; Messier 
*C. stolidota, Sladen . ‘ Channel. (off W. coast of B= TOP e tee, whe eeaece (6) 
Chili). 

Anastertas, Perrier. 

A, minuta, Perrier . 0 : q q 2 (@) 

A, perriert, Studer . : . | Island of South Georgia. 2 t (7) 
Pycnopodia, Stimpson. 

P. helianthoides (Brandt), Stimp- {| Sitcha; Puget Sound ; Gulf. \ 2 8) 
SOnNNers ; - ‘ of Singio; California. ral é 
ASTERIIDHE incerta sedis + 

Coronaster, Perrier. 
C. parfaiti, Perrier .  .  .| Cape Verde Islands.; 125~ ply Ut Meee @) 
Astrella, Perrier. 
A. simplex, Perrier . . { Mediterranenny (coast of Mote ain naa (10) 
rocco). J 
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SYNONYMA AND REMARKS, 


i =Asterias granifera, Lamarck ; Asteracanthion 
graniferus, Miiller and Troschel ; Margar- 


Incl,; Anasterias nuda, Perrier. 


BATHYMETRICAL 
GEOGRAPHICAL AREAS. ZONES. 
4 n 5 . a]. 
eS ese ail) ce ;| ¢ | s a| .8/38 
3S oy a oO ° a Blah lite 2 Borro 
A | ) | 4 . seat esos a TTOM 
Cae S OVes| 8 } 3 |\¢a 3 | §3 | Teweeratunn: 
a/4f]_a|8 |e) 5 | ™ |s2|] se | 2) Fanrenaer. 
2 = 8 oO sig] ad a 13 Bo/¢es 
Sis is6|]s8 |Fe] &] B |AS| 8S] 45 
6 = S| 3 4/¢ P T/Od/ as 
cA S con 2 A nR l aa 
nN mM ° 3 43 
Tr, TY | EO EVE | Ve, | VE. | VIE ob. Cc. A 
vee S00 {| add + ee =‘Asterias globifera, Perrier, 
5 at eee 
( aster graniferus, Gray. 
63 |I6ea 2 eee 
| “Soe + L oB0 
seats | Sctst tfuoseet.|iraete +1L act 
eco eel beoe q : Soe 
aed) || aco a L See 
“toil ews L 60 ove 
+ So aco || (0 : 
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CRYPTOZONIA. 
Family Brrsrvcip#, Sars. 


Labidiaster, Liitken. 


*Z. annulatus, Sladen . . ' 


xD. radiosus (Loven M.S.), Liitken 


Odinia, Perrier. 
O. elegans, Perrier 
O. pandina, Sladen 
O. robusta, Perrier 


O. semicoronata, Perrier 


Brisinga, Asbjgrnsen. 


*B. armillata, Sladen . . 


B. coronata, Sars 


B. costata, Verrill 


*B. cricophora, Sladen . 


ee“ 


*B. discincta, Sladen . 


B. endecacnemos, Asbjgrnsen | 


Loca.itizs. 


THE VOYAGE OF H.M.S. CHALLENGER. 


Off Kerguelen Island ; Heard 
Island ; Arafura Sea. 


E. coast of Patagonia ; Strait 
of Magellan; Trinidad 
Channel. 


Off the coast of Morocco. 
In the Faerée Channel. 
Off the ae of Morocco, 


Off the coast of Morocco. 


S. of Japan. 


Lofoten Islands; W. coast of 
Norway; 8. of Rockall ; 
W. coast of Ireland; W. 
coast of Spain; Mediter- 
ranean (fide Perrier). 


E. of North America, between 
Cape Hatteras and Nova 
Scotia. 


N.W. of St. Thomas, Virgin 
Islands. 


S. of Australia, 


W. coast of Norway ; between 
the Faerde and Shetland 
Islands ; S.W. of Ireland ; 
Bay of Biscay; W. of Us- 
hant; off W. coast of Spain. - 


RANGE IN 
eEHHE NATURE DE EB SEa- 
FaTHoMs. ‘ 
Volcanic mud; Green 
\ 75-800 ; 
J mud; coarse gravel. 


; 30-63 Sand, 


| 
| 


| 
| 


482-784 


440-500 


482-784 


577-784 


1875 Blue mud. 


220-1366 | Sandy clay. 
888-2021 | = «..... 
390 Pteropod ooze. 
2600 Red clay. 
LOO=1095' 29) eee 


1h 


2) 


(2) 
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Q) 


(3) 
(4) 
() 


(6) 


7) 


(8) 


) 


(10) 


Ql) 


@2) 


BATHYMETRICAL 
GEOGRAPHICAL AREAS. ZONES. 
: 2 5 =z 
GN Ee as al ull a) 2/88 
aaila g Sell ey ©| a] a8 3 es Borrom 
a Salgado les | 2 |£3| 88 | ts | Temprrarorn: SYNONYMA AND REMARKS. 
4/3 = Blea) 8 | & | ss) Se | _-& | Fanrenueir. 
lee lies lige ls | = se! se ee 
2 + 3 S S is 2 cal 8 Ba | 25 
SMa es) Sie |e) 1) Calas 
a vaok |e ||| «a2 a o| Bia & 
i II. | Il. | IV Vey |) Wale) VEE || Cc. A. 
c b Sulla + 1G; || Ol) PN |B ESC Rad cea 
ap ap L 47°°8 Incl. : Labidiaster luetkeni, Bell. 
+ tee A = Brisinga elegans, Perrier (olim), non Verrill. 
+ 33°°9-41°°9 | = Brisinga coronata (pars), Wyville Thomson. 
oF A = Brisinga robusta, Perrier (olim). 
— A = Brisinga semicoronata, Perrier (olim). 
+ A Sha Smeel |) ee i Ge Se cectetcrers 
ay ee eles states |e MoodoOD 
ap 7 oe ee li acd 
=f) || awe C SS WP tirccs 
ue A Berry 
a L/C AY 897—514 | onto ee 
| 
| 
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NATURE OF THE SEA- 


Bortom. 


834 THE VOYAGE OF H.M.S, CHALLENGER, 
LOCALITIES. 
CRYPTOZONTA. 
BRISINGID#. 
Brisinga, Asbjgrnsen. 
i ae Perri Between Marseilles and 
. mediterranea, Perrier Gasical 


*B. membranacea, Sladen 


*B. verticillata, Sladen 


Freyella, Perrier. 


*F. attenuata, Sladen . 
*F. benthophila, Sladen 
*F. bracteata, Sladen . 


*F. dimorpha, Sladen . 


*F. echinata, Sladen 


F. edwardsi, Perrier . 


F. elegans, Verrill, sp. 


*F. fragilissima, Sladen 


*F. heroina, Sladen 


*F. pennata, Sladen 


e“~ en~ 


F. americana, Verrill, sp. . 


Between Marion Island and 
the Crozet Islands ; and W. 
of the Crozet Islands. 


E. of North America; off the 
coast of New Jersey. 


Off Nova Scotia. 


E. of the Mariana or Ladrone 
Islands. 

39° 41'0”S., 131° 23’ 0” W. 

E. of North America; S. of 
Nova Scotia. 


Off Torres Strait, Pacific side, 


Between Celebes and Min- 
danao; W. of the Island of 
Luzon ; between the Pelew 
Islands and New Guinea. 


“ Travailleur ” dredgings, 
(? Mediterranean.) 


Between Cape Hatteras and 
Nova Scotia. 


Between Marion Island and 
the Crozet Islands; near 
the Antarctic circle, 


Mid-north Pacific, 35° 22’ 0” 
ING, IGE Gey OV iB) 


S. of Japan. 


| 301-1454 
|s7s-2000 


1350 


175 

| 2300 

J 
2550 

} 1250-1350 


1400 


1050-2150 / 


( 


Globerina ooze; Dia- | 


{ tom ooze. 


Blue mud. 


Radiolarian ooze. 


Red clay. 


Blue mud. 


Globigerina ooze. 


Blue mud ; Globige- ) 
J 


rina ooze, 


Globigerina 
Diatom ooze. 


Red clay. 


Blue mud. 


ooze ; | a2) 
J 


a) 
@) 
j 


(3) 


(3) 


(4) 
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3 3 8 O};ES| 8 8 | 26) 83) && | TEMPerarvure: * SYNONYMA AND REMARKS. 
S| 2 BE /28/% | & | SS) ge) -& | Fanrenner, 
- o sig} a a ae Se/e8S 
a#1/3)/a1]83 |Fe| & | BS |4ae| ss/ es 
5 3 a 3 a/ 3 CS) AlOod |] Pa 
2 i} A=} 3 A ND ak S\as 
n nR zr] <8 
16 TIS TET |G Vie Wer || VaeWler|) es. ||| 0 A 


(|, SE | agen coe Naoehllliccuee I|oco. | ooee lh aoe, || 4Obe| Hees so Secaaee 


(Dees cocuil tool ee lomcee|ieescul ie saculieecsa tcsenl Aca|ROeec—OOmOil@mmn 9) 0) Wiles sie 


GB) eee alee ccilllccwem liiecon |p sees ||ltencullt wae || eae dl ieeeew lp caw BYP aN 088 : 


CG) eee eect een y|iecesolteewer le Paulos |i coal! wreath At 35°°5 I  casrcn 


(CG) etc cece |e feesen (eee ers| meena erent (Neca csanleAalltSvigee—SOmOk} ae 


(Bese lier ualeste cs lero Seedalin seen cee cates lh Reece | eee 3.65.00 te Dries 


(9) eecer lieeen lesen becca ieee Wc eeenllieare| eal Al |. oom4—GGO mn MN 8 oseisas 


(OS BS 1) obey ll peaos| hone |Neonde | P aaoml |ooe: |b cca.al inode Wuees Ach = Brisinga Edwardsii, Perrier (olim). 
qa) + ona oda AED atcyom || iteevorn || teste adn mats A mele = Brisinga elegans, Verrill. 
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CRYPTOZONTA. 
BRISINGIDA. 


Freyella, Perrier. 
*F. polycnema, Sladen 
*F. remex, Sladen 
F. sexradiata, Perrier 


F. spinosa, Perrier 


*F. tuberculata, Sladen 


Colpaster, Sladen. 


*C. scutigerula, Sladen 


Brisingaster, de Loriol. 


B. robillardi, de Loriol 


Hymenodiscus, Perrier. 


HA, agassizit, Perrier . 


Gymnobrisinga, Studer. 


G. sarsiz, Studer 


THE. VOYAGE OF H.M.S. CHALLENGER. 


Genera of doubtful value : 


an 


Locanmis sparen | | Naanad Qe peace 
N.E. of Kermadec Islands, 600 Hard ground. 
S.E. of New Guinea. 2440 Red clay. 
“Talisman” dredgings. UGB. || enn 000 
Off coast of the Soudan. ey ace 


Between the Canary Islands 
and Cape Verde Islands; 
between coast of Africa and 
Island of Ascension. 


S.W. of Canary Islands. 


Mauritius. 


Dominica ; Santa Cruz. 


N. or N.W. 
Island. 


of Kerguelen 


60 


391-450 


1115 or 150 


J 


Globigerina ooze. 


Hard ground. 


Sand and Grey mud. 


(5) 


(6) 


(7) 


(8) 


(9) 


157 genera, 810 species, and 22 varieties are enumerated in this list. 
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Borrom 


‘TEMPERATURE : 
FAHRENHEIT. 


seeeee 


eaeeee 


teens 


39°°5 
35°°8 


34°:0-36°°6 


37°°0 


‘soy OOS UPI 
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U194SUy 


VI. | VIL. 


‘ava0Q WET NOG 


*uvo0Q UWeIpUy 


GEOGRAPHICAL AREAS. 


‘o1qURlZV TNS 


“OHURIV THON 


10} s006 


I. 


Q) 
(2) 


(3)) + 


@) + 


(5) 


(8) 


7) 


(8) 


see 


(9) 


SYSTEMATIC INDEX. 


1) 


The pages on which descriptions are given are printed in bolder type. Synonyms and names of species and 
genera now dissociated are printed in Italics. 


PAGE PAGE 
abbensis (Goniaster) . . . . 342, 759. acutispina (Culcita) . . . . 352, 764. 


; 82, 83, 84, 99-101, | acutus (Astrogonium). . . . TAT. 
bb t Plut ti ess Peer eae eae i 
pb breciasaey (E ubenester) tees 692, 709, 720. | acutus (Goniodiscus) . . . . 340, 747, 757. 


abnormale (Astrogonium) . . 748. Adetopneusia . . Fe he eeXXLVAEKCKT VS 

abnormalis (Disasterina). . . 776. wgyptiaca (Gontepnia) Pee ty palit) 

abnormalis (Pentagonaster) . . 749. egyptiaca (Linckia) . . . . 789. 

abyssicola (Solaster) . . . . 451, 452, 794. wgyptiaca (Nardoa) . . . . 412, 788. 

ACO CM EE pee ey os 3 408; equalis (Asterias). . . . . 9566, 818. 
eryjthraa . . . . . . 189. wqualis (Mediaster) . . . . 752. 
intermedia. . . . . . 485. 


wquivocus (Dytaster) . : { 61, 62, 75-76, 665, 


Gah a a) po a RE 692, 708, 720. 
Xxxviii., 535, 536— | affinis (Astertas) . . . . . 793. 
a are 153% 686, 701, 804. | affinis (Crossaster). . . . . 443, 444, 799, 
536, 537-538, 664, | affinis (Echinaster). . . . . 555, 811. 
ECHinitcs ee miles en 6676898 ioe OO4en Pattinis ((Oneaster)) noes yetne men COO. 
807. affinis (Pentaceros) . . . . 345, 758. 
echinus. . . . . ». + 9587, 805. affinis (Pentagonaster) . . . 265, 267, 744. 
ellisii . Taser a 536, 537, 538, 804. | ni, (Pteraster) . : { 471, 473, 659, 689, 
mauritiensis . . . . . 537, 806. 710, 798. 
solaris . . . . . . ~ 537, 805, 806. affinis (Solaster) . . . . . 445, 446, 793. 
Memcnaeranice” { xxxviii., 536, 686, | africana (Asterias). . . . . 589, 817. 
689, 701, 713, 804. (225) 248, 256-258, 
(ee, 196, 197, 198, | africana (Luidia) ~ 656, 680, 694, 695, 
acanthifer (Astropecten) . 203-205, 665, 687, | 740. 
(706, 732. 564, 565, 567, 589, 
Beery tai stermes) ain ese 60.5074 816. africana (Stolasterias) . { 657, 690, 816. 
acicularis (Astropecten) . . . 210, 735. africanus (Asteracanthion) . . 589, 817. 
ackleyi (Zoroaster). . . . . 417, 418, 790. africanus (Goniaster). . . . 268, 749. 
aculeata (Othilia). . . . . S11. agassizii (Archaster) . . . . 122, 721. 
aculeatum (Astrogonium). . . 342, 759. agassizii (Hymenodiscus) . . 836. 
aculeatus (Oreaster) . . . . 763. agassizit (Nardoa) . . . . 789, 
aculeatus (Pentaceros) . . . 763. agassizii (Ophidiaster) . . . 402, 780. 
222, 293, 225-228, | agassizii (Plutonaster) . . . 122, 720. 
; : ; J 230, 6 56, 662, 663, | alatus (Astropecten) . . . . 197, 732. 
acuminatus (Psilaster) ") 687, 693, 706, 708, alba (Asterias). . . . . . 564, 818, 
738. “ Albatross” Tiepaditions ee 88525): 
30 88 995. 29 
acuta (Anthenea) . . . c | a Shee a albidus (Nymphaster) > { oa ae oe cae 
acutispina (Asterias) . 565, 818. alboverrucosa (Asterias). . . 443, 795 


840 


alboverrucosus (Crossaster) . 


albula (Asterias) 


albula (Stephanasterias) . 
albulus (Asteracanthion) . 


albulus (Stichaster) 
“ Alert” Expedition . 


alexandri (Pentagonaster) 


alligator (Astropecten) 
alternata (Asterias) 


alternata (Luidia) . 


alveolatus (Marsipaster) . 


alveolatus (Oreaster) . 
alveolatus (Pentaceros) 


ambiguus (Plutonaster) 


americana (Brisinga) . 
americana (Freyella) . 
americanus (Archaster) 
americanus (Goniaster) 
Amphiaster . 

insignis 


amurensis (Asterias) . 


Anasterias 

minuta . 

nuda 

POLTICT IG pues 
andersoni (Astropecten 
andromeda (Archaster) 


andromeda (Astropecten) . 


andromeda (Psilaster) . 


angulatus (Archaster) , 


angulosa (Asterias) 
angulosa (Stellonia) 


annulatus (Labidiaster) . 


Anodiscus , ., 
crispatus . . . 


[os 695, 
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PAGE 
794. 
432, 793. 
432, 793. 
432, 793. 

{ 430, 431, 432, 653, 
689, 702, 792. 

322, 376. 

{ 265, 267, 295, 296, 
748. 

196; 732: 
250, 741. 

{ 245, 246, 248, 250- 
251, 656, 687, 740. 
484, 485, 800. 

759. 
345, 758. 

{ 82,83, 84, 93, 95-97, 
662, 692, 708, 720. 
835. 

616, 617, 834. 

122, 724. 

268, 749. 

Xxxll., 343, 764. 
764, 

562, 565, 567, 571, 
574, 575, 669, 690, 

{ 814. 

xxxix., 560, 830. 
830. 


831. 
830. 
732, 
122, 188, 224, 739 
222, 224, 739. 
122, 188, 222, 293, 
224-225, 228, 230, 
678, 679, 680, 681, 
696, 697, 


698, 738. 

1,121,122, 123,124, 
{ 125, 176, 729. 

564, 588, 818, 819. 

588, 819. 

594, 595_597, 660, 

661, 665, 690, 694, 

703, 708, 710, 711, 

832. 

170. 


Uae (sill 


anomalus (Hymenaster) . 


Anseropoda . 
membranacea . 5 

“ Antarctic” Expedition . 

antarctica (Asterias) . 


antarctica (Porania) 


antarcticus (Asteracanthion) 
antarcticus (Astropecten) . 


antarcticus (Leptoptychaster) 
antarcticus (Pararchaster) 
Anthenea 


acuta 


articulata . 
chinensts 
flavescens . 
granulifera 
grayl 
pentagonula 
spinulosa 


tuberculosa 
ANTHENEID.E 


Anthenoides 


eM 5 6 og 6 
antillarum (Cribrella) . 
antillensis (Astropecten) . 
antipodum (Calvasterias) 
antonil (Hyphalaster) . 


Aphroditaster 


gracilis . 


aporus (Pteraster) . 
arancia (Asterias) . 
aranciaca (Asterias) 
aranciata, var., (Asterias) 
aranciaca (Astropecten) 


PAGE 

492, 493, 494, 495, 
.{ 512-514, 675, 693, 

(ri, 800. 

394. 
395, 779. 
183. 
. 564, 820. 
359, 360, 361, 362, 
363, 657, 658, 688, 
693, 715, 768. 
821. 
733. 
ieee 188, 190-192, 
658, 691, 705, 732. 
5:76:76) 10) 119! 
hea 692, 706, 716. 
oe 327, 339, 
684, 700, 756. 
ee 340, 662, 688, 
756. 
339, 340, 758. 
759. 
339, 340, 758. 
755. 
339, 340, 758. 
339, 340, 758. 
Py iiss 

{ 339, 340-341, 664, 
"1688, 712, 758. 

Noh Sood, oditp 
Tse 338, 342, 684, 
il 688, 695, 698, 700, 

702, 712, 756. 

262, 327, 


540, 541, 806. 

196, 200, 732. 

590, 591, 830. 
» 9155156, 728: 
f xxix., 2, 109, 116— 
"1117, 683, 699, 722. 
{ 117-120, 654, 692, 
"1-709, 722. 

471, 798. 

WAL yeh. 

209, 733, 735. 

224, 739. 


133. 


Archaster 


agassizt 
americanus 
andromeda 


angulatus . 


arcticus . 
bairdii . 
bifrons . 
christi . 
coronatus 
echinulatus 
efflorescens . 


excavatus . 


flore 
formosus 
grandis , 


hesperus 


insignis . 
lucifer . 
magnificus . 
mirabilis 
nicobaricus 
parelit . 
pulecher . 
robustus 
sepitus 
simplex . 
subinermis . 
tenuispinus 


typicus . 


var. multispina 
vexillifer 
(Chetraster) mirabilis 


ARCHASTERIDE . 


J 


) 176, 183, 193, 120- 


ea 


L712, 
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28, 25, 12: 
ie ie ae) 


XX. , XXi., XXViii., xli., 
1, 2, 3, 4, 109, 126, 
174, 331, 683, 687, 
690, 692, 695, 696, 
697, 698, 699, 702, 
706, 707, 709, 711, 
713, 714, 716. 
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XXix, 
ARCHASTERINE , 687, 
( 712; 
archimedis (Astropecten) . 739, 
arcticus (Archaster) 122, 
arcticus (Astropecten) . 183, 
122, 
arcticus (Leptoptychaster) 192, 

au 

var. elongata a pales ee 
chaster) . é 3 6 

ae 
arcticus (Stichaster) 430, 
265, 
arcuatus (Pentagonaster) . l 279, 
744. 
arenarius (Astropecten) 197, 
arenata (Asterias) . 781. 
arenata (Dorigonc) 295, 
arenatus (Nymphaster) 752. 

arenatus (Ophidiaster) 402, 
arenatus (Pentagonaster) . 753. 
arenicola (Asterias) 823, 
arenosa (Culcita) 352, 
armata (Nidorellia) 764, 
armatus (Astropecten) . 201, 
armatus (Goniodiscus) . 765. 
armatus (Oreaster) . 765, 
5, 6, 
armatus (Pararchaster) 6 652, 
716. 
( 150, 

armatus (Styracaster) . *) 692 

| 602, 
armillata (Brisinga) ) 611, 
832. 
arrecifiensis (Asteriscus) . 775. 
articulata (Anthenea) . 339, 
articulata (Asterias) 755. 
articulatus (Astropecten) . 196, 
articulatus (Goniaster) 755, 
articulatus (Goniodiscus) . 754, 
Artocreatis altera species . 755. 
aspera (Asterias) 452, 
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Culcita 


acutispina . 
arenosa . 
coriacea 
discoidea 
grex. 


nove-guinee . 


pentangularis . 
pulverulenta . 
schmideliana . 
veneris . : 
cumingi (Pentaceros) . 
cumingii (Ferdina) 
cumingii (Heliaster) . 


cunninghami (Asterias) 


cuspidata (Asterias) 
cuspidata (Hosia) . 


cuspidatum (Astrogonium) . 


cuspidatus (Groniaster) 
cuspidatus (Goniodiscus) . 


Cycethra . 
electilis. 
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cylindratus (Chetaster) 


cylindratus (Paragonaste:) 


cylindratus (Thoracaster) . 


cylindrica (Asterias) . 
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eylindricus (Dactylosaster) 
cylindricus (Ophidiaster) . 
Dactylosaster 

cylindricus . 


gracilis . 
dane (Pteraster) 
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Dorigona—continued. 
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Echinaster—continued.' 


afinis . . 


brasiliensis 
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spinosus 


spinulifer . 2660, ‘690; 711, 
| 812. 

spinulosus . 553, 812. 

tenuispinus 554, 812. 

tribulus . 583, 819. 

vestitus. 553, 812. 
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echinulatus (Hymenaster) : { TE 
671, 698, 715, 802. 
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Freyella—continued. 
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GONIOPECTINID® 
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gracilis (Astropecten) . 
gracilis (Dactylosaster) 
gracilis (Echinaster) . 
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lapidarius (Oreaster) . 
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limbata (Luidia). 


limbatus (Pontaster) . 
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exgyptiaca . 
bouvieri 
brownit . 
columbie . 
crassa 
cylindrica . 
diplax . 
ehrenbergii 
erythrea 
franciscus . 


guildingii . 


intermedia . 
laevigata 
leachii . 
marmorata. 
megaloplax 


miliaris . 
milleporella 
multifora . 
nicobarica . 
nodosa . 
ornithopus . 
pacifica . 
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pauciforis . 
pertusa . 
pistoria 
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Linckia—continued. 
pulchella 
pustulata . 
rosenbergi . 


semiregularis, var. japonica 
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longimanus (Pentagonaster) . 
longipes (Asterias) . 

longipes (Astropecten) . 
longipes (Astropus) 


longipes (Cheetaster) . 


longispina (Luidia) 
longispinus (Astropecten) 
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radians . 
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africana 


alternata 
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Luidia—continued. 
convexiuscula . 
debilis . 
elegans . 
foliata . 


forficifer 


Sragilissima 

gemmacea 
granulosa . 
hardwickii 


limbata . 
longispina . 


maculata 


var. quinarta 
maregravit 
quinaria 


sarsil 


savignyi 


senegalensis 

singaporensis . 

tessellata 

variegata 
Luidiaster 

hirsutus 


Luipun2 
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luridum (Asteracanthion) 
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hitkeni (Astropecten) . 
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var. quinaria (Luidia) . 
maculata (Nepanthia) . 


maculatus (Chextaster) 
madeirensis (Asterias) . 


madreporifer (Dytaster) . 


magelhenica (Porania) 
magellanica (Porania) . 


magnificus (Archaster) 
magnificus (Moiraster) 
magnificus (Pentagonaster) . 
magnificus (Tosza) . 
mammillata (Astervas) 
mamunillatus (Astrogonium) . 
mammillatus (Gontodiscus) . 
mammillatus (Hosia) . 
mammillatus (Oreaster) . 
mammillatus (Pentaceros) 
mammillatus (Pentagonaster) 
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maregravit (Luidia) 
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scaber 26 
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Marsipaster—continued. 
alveolatus . 


hirsutus 


spinosissimus . 


Marthasterias 

Wolacedn te ia) 
mauritianus (Astropecten) 
mauritiensis (Acanthaster) . 
Mediaster 

zqualis . ’ 
mediterranea (Brisinga) . 
mediterranea (Rhopia) 
megaloplax (Linckia) . 
membranacea (Anseropodi) . 
membranacea (Asterias) . 
membranacea (Asteriscus) 


membranacea (Brisinga) . 


membranaceus (Hymenaster) 
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meridionalis (Asterias) 
meridionalis (Astropecten) 
meridionalis (Gnathaster) 


meridionalis (Pentagonaste’’) 
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subulata 


MeETRODIRINE 
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Mithrodia 


bradleyi 


clavigera 


echinulata . 
spinulosa 
victoria 
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mitis (Asterias) . 
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multiradiata (Heliaster) . 
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eustichus . 


PAGE 
556, 812, 813. 
809. 
319, 753. 
584, 819. 
Gilt 
(344, 345, 760, 
eres 
(531, 532-534, 674, 
"| 694, 707, 804. 
{ 367, 368-371, 681, 
"1 698, 770. 
nae: 
Xxxvil., 468, 804. 
. 804. 
{ xxxv., 398,413, 685, 
(700, 788. 
{ 413-414, 415, 655, 
| 694, 788. 
413, 789. 
{ 413, 414-415, 656, 
" \ 694, 788. 
( xxxv., 398, 411-412, 
” | 685, 700, 788. 
412, 788, 
789. 
412, 788. 
412, 788. 
412, 788. 
412, 788. 
412, 788. 
412, 788. 
788. 
~ Aloe 788. 
{ 412, 413, 666, 667, 
\689\713) 788. 
411, 412, 788, 
566, 824. 
{ xxxi., 262, 263, 318, 
"| 684, 699, 752. 
{ 318, 319, 320, 321, 
ir2: 


{ 318, 319-321, 662, 


\ 688, 704, 752, 753. 
319. 
566, 824. 
{ xxxvi, 430, 436- 
"| 437, 685, 701, 792. 


eee 438-439, 654, 


693, 714, 792. 


acid 


Nepanthia 


belcheri 
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ocellifera (Nectria) . 


ocellifera (Patiria) . 
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ochracea (Asterias) 


octoradiatus (Pedicellaster) . 


oculata (Asterias) . 
oculata (Cribella) . 


oculata (Cribrella) . 


var. abyssicola (Cribrella) . 
var. cylindrella (Cribrella) 


oculata (Henricia) . 
oculata (Linkia) 
oculatus (Echinaster) . 


oculatus (Pentadactylosaster) 


oculifera (Nectria) . 
Odinia 


elegans . 
pandina 


robusta . 

semicoronata . 
Odontaster . 

hispidus 5 
orstedit (Astropecten) . 


Ogmaster . 


capella . : 
olfersti (Astropecten) . 
ophidiana (Asterias) 


ophidianus (Ophidiaster) . 


Ophidiaster . 


agassizii 
arenatus 
asperulus . 


attenuatus . 
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|] Ophidiaster—continued. 


aurantius . 
bicolor . 
canariensis 
chinensis 
clathrata 
cribrarius . 


cylindricus 


diplax . 
duncani 
echinulatus 
ehrenbergit 
Jlaccidus 
floride . 
fuscus . 
germani 
gracilis . 
granifer 
guildingii . 


helicostichus . 


hemprichii 
trregularis . 
levigata 
leachti . 
lessone . 
marmorata 
miliaris 
multiforis . 


ophidianus 


ornithopus . 
perrieri . 
porosissimus 
purpureus . 
pusillus 
pustulatus . 
robillardi 


~ suturalis 


tuberculatus 
tuberifer 
vestitus . 


(Hacelia) attenuatus 
(Linckia) unifascialis 


(Pharia) pyramidatus . 
ophidion (Asterias) group 


f 402, 
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—— 
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410, 
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ophidion (Hydrasterias) . 


Ophiura . 
Ophiuree 
Ophiuride 
Ophiuroidea . 
Oreaster . 
aculeatus 
affinis 
alveolatus . 
armatus 
australis 
carinatus 
castellum 
chinensis 
clavatus 
clouet 
decipiens 
desjardinsit 
dorsatus 
gigas 
gracilis . 
granulosus . 
grayt 
hedemanni . 
hiulcus . 
lapidarius . 
linckit . 
luetkent . 
mammillatus . 
mammosus . 
miillert . 
muricatus . 
nodosus . 


var. muricatus . 


nodulosus 
obtusangulus . 
obtusatus 
occidentalis 
orientalis 
productus . 
regulus . 
reinhardti . 
reticulatus . 
superbus 
thurstont 
troschelt 
tuberculatus 
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Oreaster—continued. 
turritus . 
valvulatus . 
verrucosus . 
westermannt 

orientalis (Oreaster’) 

orientalis (Pentaceros) 


ornata (Cribrella) . 


ornata (Cribella) 
ornatus (Pentagonaster) . 
ornatus (Tosia) . 
ornithopus (Linckia) . . 
ornithopus (Ophidiaster) . 
Othilia 

aculeata 

brasiliensis 

crassispina . 

luzonica 

multispina . 

purpurea 

sexradiata . 

spinosa . 

spinulifera . 


oxyacanthus (Pontaster) . 


pacifica (Linckia) . 


var. diplax (Linckia) 


pagenstecheri (Cribrella) . 


paleocrystallus (Asteracanthion) 
paleocrystallus (Pedicellaster) . 


paleatus (Astropecten) . 
pallida (Asterias) . F 
pallidus (Asteracanthion) 
pallidus (Astropecten) . 
pallidus (Bathybiaster) 
palmatus (Korethraster) . 


PALMIPEDINE 


Palmipes . 


diaphanus . 


inflatus . 


membranaceus 


placenta 


———— 
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Palmipes—continued. 
rosaceus 
stokestt 
palmipes (Asteriscus) . 
pandina (Odinia) 


panopla (Asterias) . 
papillosus (Heresaster) 
papposa (Asterzas) . 
papposa (Polyaster) 
papposa (Solaster) . 
papposa (Stellonia) 


papposus (Crossaster) . 


var. septentrionalis Sess 


saster) . 
papposus (7Z’r ieee achieyia. 


Paragonaster 


ctenipes 
cylindratus 
Pararchaster . 


antarcticus 


armatus 


pedicifer 


semisquamatus 


var. occidentalis 
simplex 


spinosissimus . 


PARARCHASTERIN& . 


parelii (Archaster) . 
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parelii (Astropecten) 
parelii (Tethyaster) 


var. longobrachialis (Tethy- 


aster) 
parfaiti (Coronaster) . 
parfaiti (Hyphalaster) . 
parvus (Pentagonaster) 


patagiatus (Psilaster) . 


patagonica (Porania) . 


patagonicus (Pentagonaster) . 


Patiria 


bellula . 


chilensis 

coccinea 

crassa 

granifera . 

obtusa . 

ocellifera 
pauciforis (Linckia) 
pauciforis (Nardoa) 
paucispina (Asterias) . 
Paulia 

horrida . 


paxillatus (Solaster) 


Paxillose 
paxillosum (Asé7 Berean) 


paxillosus (Gnathaster) 


Pectinaster . 
filholi 
insignis . 


pectinata (Asterias) 


pectinatus (Astropecten) . 


pectinatus (Marginaster) . 


pectinifer (Asteriscus) . 


pectinifera (Asterina) . 


pedicellaris (Cheiraster) . 


pedicellaris (Goniodiscus) 
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756. 


Pedicellaster . 


hypernotius 


margaritaceus . 
octoradiatus 
palzocrystallus 
pourtalesi . 
sarsil 


scaber . 


sexradiatus 


typicus . 


PEDICELLASTERIDE . 


pedicifer (Pararchaster) . 


pedunculatus (Caulaster’ . 


pedunculatus (Porcellanaster) 
peircei (Anthenoides) . 


pellucidus (Hymenaster) . 
penicillaris (Asterias) . 
penicillaris (Asterina) . 
penicillaris (Asteriscus) 
penicillatus (Benthaster) . 
penicillatus (Crossaster) . 
penicillatus (Goniodiscus) 
pennata (Freyella) . 


pentacantha (Asterias) 
pentacanthus (Astropecten) . 


Pentaceropsis 


obtusatus . 


Pentaceros 
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Pentaceros—continued. 


aculeatus 
affinis 
alveolatus . 
australis 
belli. 
caledonicus 


callimorphus . 


carinatus 
chinensis 
clowet 
cumingi 
decipiens 


dorsatus 


forcipulosus 
franklinit . 
gibbus . 
gibbus hiulcus. 


gibbus. muricatus . 


gibbus reticulatus 
gibbus turritus 
gracilis . 
grandis 
granulosus . 
grayl 
hedemanni 
hiuleus . 
lentiginosus 
liitkeni . 
mammillatus . 
modestus 
miilleri . 
muricatus . 
nodosus « 
nodulosus . 
obtusangulus . 
obtusatus 
occidentalis 
orientalis . 
planus . 
productus . 


var. tuberata 


regulus 
reinhardti . 
reticulatus . 
sladeni . 
superbus 
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345, 
763. 
345, 
345, 
345, 
344, 
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345, 
344, 
346, 
345, 
344, 
345, 
345, 
759. 
351, 
345, 
345, 
341, 
. 345, 
( 347, 
*\ 703, 
345, 
345, 
344, 
345, 
345, 
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763. 
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760. 
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762. 
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762. 


765. 
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350, 762. 
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Pentaceros— continued. PAGE Pentagonaster—continued. PAGE 
Wb 5 5 Go 5 6 5 (hie fallax jones sh Yer) ue eee OD LON a ae 
troscheli .7 7/3) 5 =,» = O40), 162: fonki) ee ee eee ODNn ads 
tuberculatus . . . . . 344, 762. eibbosiss ne) 2.) ea 2Obsi44e 
UULETOSUSIa 8 Tee ee, 1LOOs gosseliniis <a) nee) ee ee ZODyOGiaias. 
344, 345, 346, 664, sie) ( 265, 266, 267, 744, 
grandis . 5 
hese 665, 666, 667, 668, 747. 
688, 703, 708, 712, ( 264, 267, 268-269, 
762. granularis . « 653, 676, 688, 695, 
walvulajus. - . . . . 3845) 764: ( 702, 744. 
verrucosus . . . . . 345, 761, 764. grenadensis . . . . . 265, 266, 744. 
westermanni . . . . . 345, 350, 764. QUIN a EO! 
(Nidorellia) armatus . . 765, hesitaDss 6) 2 eeneZOD GNA aiAo: 
ley 260k, Sel, inequalis . . . . . . 266, 746. 
PENTACEROTIDE xli., 260, 342, 684, intermedius . . . . aoe Aa ele 
688, 700, 703, 708, 746. 
712, 758. 265, 266, 267, 272- 
pentacyphus (Asterias) . . . 763. japonicus! ees eee nee 4 275, 669, 691, 708, 
Pentadactylosaster. . . . . 540. | 746. 
mitans 295 =. . . . 410,787. lamarckty =) ey eo) en eee ObN 46: 
oculatus , . . . . . 542, 809. ( 265, 267, 275-277, 
reticulatus brevis. . . . 811. lepidus . 4 ty teen ee ODA 693 ha il O: 
spinosus regularis . . . 554, 811. | 746. 
varvolgius . . . . . . F89. longumanus) 2. = 2 262: 
pentagona (Asterina). . . . 392, 775. LUZOnicUs Seen ee its aie OO: 
XVI, KK. ly Le magnificus| | js) 8a) enrc0 Oso 
Pentagonaster 261, 263, 264-267, mammillatus. . . . . 266, 746. 
279, 285, 321, 327, meridionalis . . . . . 287, 751. 
684, 699, 744. mob 8 5g 4g a 15 heey Fela) 
GQUNLOLMGlts: ame eee nn LO mirabilis 2.) 9. = = 2 265; 746) (47, 
Gib 5 og 6 6 6 6 5 Has, WG, UL mls 5 To 5 8 5 6 Pte (ENO. 
alaeendenes 4 265, 267, 295, 296, ormatus =) s98-) -) en OO ra46s 
748. PENH Se 2) 6 6 5 5 Ales, Ane, POY, ee 
265, 266, 267, 277- 265, 267, 269-272, 
arcuatus 4 279, 669, 691, 708, : 275, 673, 674, 688, 
igarer. te Aa patagonieus ) 691, 703, 706, 
OTENULUS Emer ee ee TS: 746. 
astrologorum . _ f 266, 267, 269, 662, oO Bo 6 8 6 5 als), PLR. 
; | 694, 744. placenta . . . . . . 265, 266, 746. 
auratus. . . . . . . 266, 744. fERVETO 5 o oo og ASO: 
australis . . . . . . 266, 744, FOV AU MDG 88 5 5 5 Seth TEE) 
Was sb 6 a ng Ada, ICL (punctatus) 2-8). eo: 
CHIME, 5 6 5 5 4 gel requiaris . . . . . . 264, 266. 
crassuS. 2... . 3 6. «265, 267, 744. OMe 6 Gg 5 no og AAO 7K 
dentatus . . . . . . 265; 267, 744. ( 264, 265, 266, 267, 
deplasi . 65, 267, 744. semilunatus 268, 655, 694, 
dilatatus 86. | 748. 
diibent . : subspinosus 753. 
elongatus i} ternalis . 310, 753. 
l tubercularis 266, 748. 
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Pentagonaster—continued, PAGE PAGE 
tuberculatus . . . . . 266, 748. xxxi., 262, 264, 684, 
validusijecs . . - = 48. es, 691, 693, 695, 
vincenti . . . . . . 265, 267, 748. lp i 699, 702, 703, 704, 
(Astrogonium) aculeatus 759. eas "| 705, 706, 708, 709, 
(Astrogonium) acutus . . TAT. |r, 711, 713, 715, 
(Astrogonium) borealis. . 745. 744. 

(Astrogonium) dilatatus . 751. | pentagonula (Anthenea). . . 339, 340, 758. 
(Astrogonium) granularis . 268, 745. pentagonula (Astertas) . . . 759. 
(Astrogonium) hispidus . 771. | pentagonulus (Goniaster) . . 759. 
(Astrogonium) inequalis . 747. pentagonulus (Goniodiscus) . . 759. 

; (Astrogoniwm) mammillatus 747. pentagonus (Asteriscus) . . . 392, 775. 
(Astrogonium) miliaris. . 751. pentagonus (Marginaster) . . 364, 366, 768. 
(Astrogonium) mirabilis . TAT. pentangularis (Culcita) . . . 351, 352, 764. 
(Astrogonium) pawillosus . 751. ‘Pentasteries!’ = 1%. = 92 Ole 
(Astrogonium) placenta. . TAT. perarmatus (Astropecten). . . 733. 

(Astrogonium) singularis . 751. peregrinator (Retaster) f 477, 478, 479-480, 
(Astrogonium) spinulosus . 759. % | 660, 689, 710, 800. 
(Astrogonium) tuberculatus 749. ( 492, 493, 494, 499- 
(Astrogonium) verrucosus . THI. pergamentaceus (Hymenaster) .-, 501, 674, 693, 707, 
(Calliaster) childreni . . 749. \ 802. 
(Calliderma) emma. . . 7Al. Dabsinetcr ee See een { xxxvil., 442, 464— 
(Dorigona) diibeni . . - 749. | 465, 686, 701, 796. 
(Doriyona) gunnii . . . TA9. follieutatus’ 0 oe aoe al 465-468, 672, 689, 
(Dorigona) longimanus. . 751. 1709, 796. 
(Dorigona) mebii . . . 295, 753. (uae DoonDooe 
(Dorigona) pulchellus . . 749. Perknaster . . . - -. - -+ 540, 550, 686, 701, 
(Stellaster) belcheri. . . 790. ( 808. 
(Stellaster) childreni . . 759. (eet 551, 552-553, 
(Stellaster) granulosus . . 759. densus...-' - -. = = .4 6605-68954 @115 
(Stellaster) incei. . . - 755. ( 808. 
(Stellaster) squamulosus . 7995. 550, 551-552, 553, 
(Stellaster) tuberculosus  . 755. fuscus, » os = = 4 GOO MGGIE, 689) G10} 
(Tosia) astrologorum . . 740. | 711, 808. 
(Tosia) auratus . . . . 740. perrieri (Anasterias) . . - ,~ 830. 
(Tosia) australis. . . . 745. 562, 565, 567, 569, 
(Tosia) grandis . . . . 749. perrieri (Asterias) . . . - - + 659, 660, 690, 71], 
(Tosia) magnificus . . . TAT. 814. 
(Tosia) nobilis . . . . TAT. perrieri (Ophidiaster). . . . 402, 782. 
(Tosia) ornatus . . . . TAT. perrieri (Pentagonaster) . . . 269, 267, 746. 
(Tosia) ruber. . . . . TAT. personatus (Cryptaster) . . - 804. 
A (Tosia) tubercularis. . - 749, pertusa (Asterias). . . . . 542, 809. 

xxi, xxxi, xli, 4, | pertusa (Linckia) . . . . . 542, 809. 

109, 260, 282, 331, | peruvianus (Astropecten) . . 197, 203, 736. 

332, 342, 371, 684, | Petalaster . : . . . - - 244 

688, 691, 693, 695, columbie . ... . . 43. 
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Phanerozonia 


Pharia 5 
pyzramidata 
Phataria . 
bifascialis . 
unifascialis 
var. bifascialis . 
philippi (Asterias) . 


Pholidaster . 
distinctus . 
squamatus . 

Phoxaster 


pumilus 


phrygiana (Asterias) . 
phrygiana (Hippasteria) . 
phrygianum (Astrogonium) . 
phrygianus (Goniaster) 
pictus (Machairaster) 

pilosa (Asterina) 


pilulatus (Gnathaster) 


pinguis (Cycethra) . 


pistoria (Linckia) . 
pistorius (Scytaster) 
placenta (Asterias) . 

placenta (Astrogonium) 
placenta (Hosia) 

placenta (Palmipes) 
placenta (Pentagonaster) . 
placentxformis (Goniodiscus) 


plana (Hippasteria) 


planeta (Pontaster) 


planus (Hyphalaster) . 


planus (Pentaceros) 

Platasterias . 
latiradiata . 

platyacantha (Asferias) 
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713i 


platyacanthus (Astropecten) 
Plectaster 


decanus on 
pleyadella (Asterias) . 
pleyadella (Groniaster) 
pleyadella (Goniodiscus) . 
pleyadella (Hosea) . 


Plutonaster . 


abbreviatus - 


agassizll 


ambiguus . 


bifrons . 


marginatus 


notatus . 


rigidus . 


var. semiarmata 


(Tethyaster) parelii . 
var. longo - bra- 
chialis. : 
(Tethyaster) subinermis 


PLUTONASTERIN & 


polaris (Asteracanthion) . 


polaris (Asterias) 


polaris (Astropecten) . 
polaris (Ctenodiscus) . 


polyacanthus (Astropecten) . 


Polyaster papposa . 
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polycnema (Freyella) . 


polygrammus (Stichaster) 


polyplax (Asteracanthion) 


polyplax (Asterias) 
polyplax (Stichaster) . 


Pontaster 


coronatus . 
echinulatus 


forcipatus . 


var. echinata 
hebitus . 


limbatus 


mimicus 


mirabilis 


oxyacanthus 
planeta . 


pristinus 
pulcher . 


subtuberculatus . 


tenuispinus 


var. platynota . 


teres 


trullipes 


venustus 


var. robusta. 
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pontoporeus (Astropecten) . 


Porania 


antarctica . 


gibbosa . 
glaber . 


grandis . 


magellanica 
patagonica . 


pulvillus 


spiculata 


spinulosa . 


Poraniomorpha . 


borealis 
rosea 
spinulosa . 


Porcellanaster 


czeruleus 


caulifer . 


crassus . 


eremicus 
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Porcellanaster—continued. 


tuberosus . 


PORCELLANASTERIDE . 


PORCELLANASTERINE . 


“Porcupine ” Expedition 


porosissimus (Hymenaster) . 


porosissimus (Ophidiaster) 
pourtalesi (Pedicellaster) . 


precoquis (Hymenaster) . 


prestans (Cribrella) 


prehensilis (Dorigona) 


prehensilis (Nymphaster) 


preissii (Astropecten) . 


princeps (Stellaster) 


pristinus (Pontaster) . 


problema (Asteracanthion) 


procurator (Ctenodiscus) . 


procyon (Asterias) . 


procyon (Pentagonaster) . 


productus (Oreaster) . 


productus (Pentaceros) 


var. tuberata (Pentaceros) . 
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protentus (Nymphaster) . 


Pseudarchaster . 
discus 
intermedius 


tessellatus . 


PSEUDARCHASTERINE . 


Pseudaster 
cordifer . 


Psilaster . 


acuminatus 


andromeda 


cassiope 
gracilis . 


patagiatus . 


Pteraster . 


affinis 


aporus . 
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caribbeeus . 
ertbrosus 
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militaris 


var. prolata . 
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Pteraster—continued. 
multipes 
pulvillus 


rugatus . 


semireticulatus 


sordidus 


stellifer . 


PTERASTERIDE . 


PTERASTERINE . 


pulchella (Acadia) . 
pulchella (Asterias) 
pulchella (Linckia) . . 
pulchellum (Astrogonium ) 
pulchellus (Dorigona) . 
pulchellus (Pentagonaster) 
pulcher (Archaster) 
pulcher (Pontaster) 


pullatus (Hymenaster) 


pulverulenta (Culcita) . 
pulvillus (Asterdas) 
pulvillus (Asteropsis) . 


pulvillus (Porania) 


pulvillus (Pteraster) . 


pumilus (Phoxaster) . 


punctata (Petricia) 
punctatus (Pentagonaster) 
purpurea (Othilia) 
purpureus (Echinaster) 
purpureus (Ophidiaster) . 
pusilla (Asterina) . 
pusillus (Ophidiaster) . 
pustulata (Linckia) 
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pustulatus (Ophidiaster) . 


Pycnopodia . 
helianthoides . 
pygmea (Asterina) 
pygmeus (Ctenodiscus) 
pyramidata (Pharia) . 


Pythonaster . 
murrayl 


PYTHONASTERINE . 


quinaria (Luidia) . 
radians (Korethraster) 
radians (Lophaster) 
Radiaster 

elegans . 
radiosus (Labidiaster) 
Randasia granulata 
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regalis (Astropecten) . 
regularis (Asterina) 
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regularis (Pentagonaster') 


regularis (Solaster) 
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remex (Freyella) 
Retaster . 


capensis 
cribrosus 


gibber . 


insignis 


multipes 
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Retaster—continued. 
peregrinator 


verrucosus . 


reticulata (Asterias) 
reticulatus (Oreaster) . 


reticulatus (Pentaceros) . 
reticulatus brevis (Pentadacty- | 


losaster) 
rex (Hymenaster) . 


Ribegaster’ 2 4 |”. 


murrayl 


tumidus 
var. tuberculata 


Rhipidaster . 


vannipes 


Rhopia : 

mediterranea . 
seposita. 

richardi (Asterias) . 

richardi (Astropecten) 

rigidus (Echinaster) 


rigidus (Plutonaster) . 
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PAGE semisquamatus—continued. PAGE 
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sol (Myxaster) . 
solaris (Acanthaster) . 
solaris (Astertas) 
solaris (Echinaster) 


Solaster . 
abyssicola . 
afinis 
decanus . 


earllii 


endeca . 


var. decemradiata . 


Surcifer . 
glacialis 
gracilis . 
papposa 


paxillatus . 
regularis 
subarcuatus 


torulatus 


tumidus : 

(Endeca) endeca . 

(Polyaster) papposa . 
“ Solastéries ” seis 


SoLASTERIDA 


SoLAsTERINE 
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spectabilis (Ctenaster) 
spiculata (Porania) 


spinosa (Asterias) . 
spinosa (Freyella) . 
spinosa (Gymnasteria) 
spinosa (Othilia) 


spinosissimus (Marsipaster) . 


spinosissimus (Pararchaster) 


spinosus (Benthopecten) . 
spinosus (Dytaster) 
spinosus (Echinaster) . 


spinosus (Hoplaster) . 
spinosus (Styracaster) . 
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Stella cartilaginea . 
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glacialis 
helianthus . 
papposa 
rubens . 
seposita . 
webbiana 

Stenopneusia 
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stichantha (Stolasterias) . 


Stichaster 
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Stolasterias—continued. 


calamaria . 


eustyla . 
gemmifera . 


glacialis 


stichantha . 


tenuispina . 


volsellata ; 


stolidota (Calvasterias) 


striata (Asterias) 
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subulata (Asterias) 
subulata (Chetaster) 


subulata (Metrodira) . 
subulatus (Seytaster) . 
suffarcinata (Nepanthia) . 
sufflata (Cribrella) . 
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superbus (Oreaster) 
superbus (Pentaceros) . 
sutwralis (Linckia) 
suturalis ( Ophidiaster) 


symbolicus (Nymphaster) 
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“Talisman” Expedition . 
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tenuispina (Stolasterias) . 


tenuispinus (Archaster) . 
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tenuispinus (Pontaster) . 
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parelii . 
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Thoracaster . 
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torquata (Asterias) . 


torulatus (Solaster) 
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rubens . 

violacea see 
valenciennti (Astropecten) 
validus (Pentagonaster) . 2 
Valvaster . : 1 
striatus . : 
VALVASTERINE. . . . . . 1 
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